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AN APPRAISAL OF THE GROUND-WATER RESOURCES 
OF AVRA AND ALTAR VALLEYS, PIMA COUNTY, ARIZONA 


By 


1 Z 5) 
Natalie D. Whiten! W. G. tenia eyelel tng (Gn Sen 


AE SHA CT 


The U.S. Geological Survey has been collecting hydrologic and 
geologic data in the major irrigated basins of Arizona for many years as 
part of a statewide ground-water survey. The Agricultural Engineering 
Department, Agricultural Experiment Station, University of Arizona, has 
been collecting data in parts of the State for nearly an equal period of time. 
The work of the Geological Survey is done mainly in cooperation with the 
Arizona State Land Department, Obed M. Lassen, Commissioner; that of 
the Agricultural Engineering Department is in cooperation withthe city of 
Tucson and Pima County. For several years, the results of the statewide 
ground-water survey have been presented in the annual reports on ground 
water in Arizona. In recent years, the volume of data collected has in- 
creased, and the need for a comprehensive analysis of the data also has 
increased along with the growing demand for water. This is the third in 
a series of reports by the Geological Survey on individual basins, and it 
is the first report prepared in conjunction withthe Agricultural Engineering 
Department of the University of Arizona. The reports present a more de- 
tailed study of the hydrologic and geclogic data than is feasible ir the an- 
nual reports covering the entire State. 


Avra and Altar Valleys are in the central part of Pima County in 
southern Arizona, The two valleys are separated by an arbitrary dividing 
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line perpendicular to Brawley Wash in Tps. 15 and 16 S., and Avra Valley 
extends northward to the Pima-Pinal County line. 


The climate of the valleys is arid, whichresults in the evapora- 
tion of a large part of the precipitation before it can be used beneficially. 
Almost no surface water is available for man's use in the area; all the 
streams are ephemeral, and Altar and Brawley Washes, the principal 
drainage features, are subject to large-scale flooding at times. The only 
water supply in the area comes from the ground-water reservoir, which 
is in alluvium that underlies the valleys. 


The ground water stored in the alluvium is of suitable chemical 
qualityfor mostuses, Water from wells along the central drainage is con- 
sidered excellent to goodfor irrigation. The quality of the water from most 
of the wells sampled is within the desirable limits set by the Public Health 
Service for drinking water. 


Altar Valley is largely undeveloped, and ground water is used 
mainly for domestic and stock purposes and for a minor amount of irriga- 
tion. In Avra Valley some ground water was used for agricultural develop- 
ment as early as 1940, but it was not until about 1950 that large amounts 
of ground water were withdrawn. At the present time (1965), the effect of 
ground-water withdrawal in this area is a regional lowering of the water 
level, From spring 1955 to spring 1965 the average decline of the water 
level in Avra Valley was nearly 40 feet. In spring 1965, the depth to water 
was about 200 feet below the land surface at the north end of the area and 
about 350 to 400 feet in the center of the area where ground-water with- 
drawalis greatest. Atthe southend of the area, where only a small amount 
of ground water is pumped, the depth to water was more than 425 feet be- 
low the land surface at the southeast corner but was only about 175 feet 
near Three Points about 6 miles to the west. 


Analyses of well data collected over a period of several years in- 
dicate that the transmissibility of the aquifer in Avra Valley is about 100, 000 
gallons per day per foot. The effects of the withdrawal of ground water 
from 1955to1965 indicate that the storage coefficient of the aquifer in the 
area probably is about 0.15. Use of this value for the coefficient of storage 
and computation of the volume of sediments available for the storage of 
ground water suggest that about 16. 5 millionacre-feet of ground water may 
be available from storage in Avra Valley. The historical data—water- 
level measurements and pumpage data— have been used to predict the status 
of the ground-water reservoir to 1970. The predictions are shown in the 
form of a depth-to-water map for the future date, Thesame general pattern 
predominates for the predicted 1970 depth to water as for Spring 1965, but 


data show that an average decline of the water level of about 18 feet may 
take place from 1965 to 1970. 


INTRODUCTION 


The ground-water reservoirs are currently the main source of 
water supplies for alluses in Arizona. The amount of surface water avail- 
able is not nearly adequate to satisfy the ever-growing demand for water 
in the State; nearly two-thirds of the supply comes from groundwater. For 
the past several years, the average withdrawal of ground water in the State 
has been about 4.5 million acre-feet per year. About 90 percent of this 
water is used for agriculture. Most of the ground water used is being with- 
drawn from storage, and the ground-water reservoirs are being depleted. 
Problems related to the withdrawal of ground water in large quantities in- 
clude the inadequacy of the supply, erratic distribution of the available 
supply, competition between types of use ofasingle supply, and deteriora- 
tion inthe chemical quality of the water. Attempts to solve these and other 
problems that may arise must be based upona comprehensive compilation 
and analysis of the hydrologic and geologic data. 


Location and Extent of the Area 


Avra and Altar Valleys (fig. 1), in the Basin and Range lowlands 
of southern Arizona, are in about the central part of Pima County. The 
north-trencing basin, in which the vatleys are situated, extends from a 
drainage divide about 3 miles north of the international boundary to where 
it joins the Santa Cruz basin about 5 miles north of the Pima-Pinal County 
line. Altar Valley forms the upper part of the north-trending basin, and 
Avra Valley forms the lower part. In the upper reaches the main drain- 
age, whichforms the axis of the valleys, is called Altar Wash; in the lower 
reaches it is called Brawley Wash. Altar Wash heads a few miles north 
of the drainage divide, flows northward, and becomes Brawley Washatan 
indefinite point about 6 miles south of the Tucson-Ajo highway. There is 
no clear-cut dividing line between Altar and Avra Valleys (figs. 2 and 3); 
however, forthis report, anarbitrary line perpendicular to Brawley Wash 
in Tps. 15 and 16 S. forms the dividing line betweenthe twovalleys. Avra 
Valley extends northward to the Pima-Pinal County line and is separated 
arbitrarily from the Santa Cruz basin by the line that extends from the 
north tip of the Tucson Mountains to the Pima-Pinal County line. For pur- 
poses of discussion, Avra Valley is further divided into the following 
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FIGURE 2.--ALLUVIAL AND MOUNTAINOUS AREAS, CRITICAL GROUND-WATER AREA BOUNDARY, LOCATION OF WELLS, 
AND SUBAREAS IN AVRA VALLEY. 
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FIGURE 3.--ALLUVIAL AND MOUNTAINOUS AREAS, CRITICAL GROUND-WATER AREA BOUNDARY, 
AND LOCATION OF WELLS IN ALTAR VALLEY. 


subareas (fig. 2): Three Points area, Ryan Field area, central valley 
area, and Marana area, 


The basin that contains Avra and Altar Valleys is bounded on the 
west by the Pozo Verde, Baboquivari, Quinlan, Coyote, Roskruge, and 
Silver Bell Mountains; on the east it is bounded by the San Luis, Las Guijas, 
Cerro Colorado, and Sierrita Mountains, Black Mountain, and the Tucson 
Mountains, which separate it from the main drainage basin of the Santa 
Cruz River. The mountains that border the valleys are drained by many 
small washes that flow into the central part. 


History of Agricultural Development 


The first land developed for agriculture in the study area was in 
the Marana area of Avra Valley in about 1920; at that time about 6, 000 
acres of land was irrigated with water transported by a private irrigation 
company from the adjacent Cortaro area in the Santa Cruz basin. In O30; 
six irrigation wells were drilled in the Marana area toaugment the Supply 
from the Cortaro area; from 1947to1957nine additional wells were drilled 
in the area, At the same time, particularly in the years immediately fol- 
lowing World War II, many privately owned irrigation wells were being 
drilled in Avra Valley. Development in Avra Valley reached a maximum 
in the early 1950's, andby 1954 more than 100 irrigation wells were being 
pumped in the area to provide water for about 30,000 acres of farmland. 


In 1954 a public hearing was held at which evidence was presented 
that indicated that the large-scale pumping of ground water for irrigation 
in the Avra Valley areawas sufficiently in excess of the rate of replenish- 
ment to the ground-water reservoir to cause declines in the water level, 
As a result of the hearing, the area was declared a critical ground-water 
area under the Arizona Revised Statutes (45-313C and 45-314A) on October 
15, 1954. Boundaries of the critical ground-water area established at that 
time are shown on figure 2. Since 1954, the amount of land under cultiva- 
tion has remained essentially the same; however, the amount of ground 
water that is pumped annually has increased, partly due to the use of double- 
cropping methods in the area. 


Development in Altar Valley is minimal andis confined mostly to 
ranching. A small amount of land was developed for irrigation just south 
of Three Points in the early 1950's. 
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Purpose and Scope of the Study 


Any appraisal of the ground-water resources of an area is limited 
by the amount and accuracy of the data available. The data on which this 
study is based were collectedas apart of the continuing ground-water pro- 
grams of the U.S. Geological Survey andthe Agricultural Engineering De- 
partment of the University of Arizona. The work done by the Survey is 
mainly in cooperation with the Arizona State Land Department, Obed M., 
Lassen, Commissioner; the work done by the Agricultural Engineering 
Department is in cooperation with the city of, Tucson and Pima County. 
The programs include well inventories, periodic water-level measure- 
ments, collection of water samples for chemical analysis, and collection 
and cataloging of drill cuttings from new wells. These data are compiled 
and analyzed, and the results are summarized each year in the "Annual 
Report on Ground Water in Arizona''—a publication prepared by the U.S. 
Geological Survey and published by the Arizona State Land Department. An 
additional phase of the cooperative program of the Geological Survey is 
aimed at a systematic analysis of the current ground-water conditions in 
specified basins or areas, The purpose of this phase is to make better 
use of the data that are available; this objective is accomplished bya more 
comprehensive analysis of the aatathan can be achieved for the annual re- 
port on ground water for the entire State and by publication of this analysis 
in Separate reports that are more detailed and timely for use by the public. 
This report is the third in the series of reports by the Geological Survey 
and is the first prepared in conjunction with the Agricultural Engineering 
Department of the University of Arizona. 


During the fall of 1964, personnel of the U.S. Geological Survey 
made a complete inventory of the existing wells in Avraand Altar Valleys. 
In addition to the data collected by the Geological Survey, many water-level 
measurements and land-surface altitudes at wells and other data were 
available from records of the Agricultural Engineering Department of the 
University of Arizona. Table 2 (see appendix) shows data for many of the 
wells and includes the date drilled, depth of well, casing information, 
water-level and pumping data, and specific capacity where available, Table 
3 gives selected drillers' logs of wells that are representative in the area. 
The locations of the wells are shown on figures 2 and 3, andall wellloca- 
tions in the valleys are described according to the well-numbering system 
used in Arizona (fig. 4). 


For Altar Valley, the study describes only the general occurrence 
of ground water because data are insufficient to make further analyses, 
For Avra Valley, where data are more complete, the study describes the 


GILA AND SALT RIVER BASE LINE 
—}—______+—___—_ 4p 
4 5 RG6E 


The well numbers used by the Geological Survey in Arizona 
are in accordance with the Bureauof Land Management's system of land 
subdivision. The land survey in Arizona is based on the Gila and Salt 
River meridian and base line, which divide the State into four quadrants. 
These quadrants are designated counterclockwise by the capital letters A, 
B, C, and D. All land north and east of the point of origin is in A quad- 
rant, that north and west in B quadrant, that south and west in C quad- 
rant, and that south and east in D quadrant. The first digit of a well 
number indicates the township, the second the range, and the third the 
section in which the well is situated. The lowercase letters a, b, c, and 
d after the section number indicate the well location within the section. 
The first letter denotes a particular 160-acre tract, the second the 40- 
acre tract, and the third the 10-acre tract. These letters also are as - 
signed ina counterclockwise direction, beginning in the northeast quarter. 
If the location is known within the 10-acretract, three lowercase letters 
are shown in the well number. In the example shown, well number 
(D-4-5)19caa designates the well as being inthe NE{NEsSW3 sec. 19, T. 
48S., R. 5 E. Where there is more than one well within a 10-acre 
tract, consecutive numbers beginning with 1 are added as suffixes. 


Figure 4.--Well-numbering system in Arizona. 
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general characteristics of the aquifer that affect the availability of water, 
and some specific aquifer characteristics are determined. Only minor 
amounts of ground water have been withdrawn from the aquifer in Altar 
Valley, and the effects are chiefly local. At the present time, however, 
the effect of ground-water withdrawal in large parts of Avra Valley is a 
regional lowering of the water table. Water-level measurements, the vol- 
ume of water withdrawn, and other data collected over a period of several 
years have been used in the present study to determine the volume of water 
available from storage in the aquifer in Avra Valley. These and other data 
also have been used to predict the status of the ground-water reservoir to 
1970, The predictions, in the form of a depth-to-water map, are based 
on a hypothesized regimen of ground-water withdrawal. 


Previous Investigations 


For the most part, the geography, geology, and ground-water 
resources of Avra and Altar Valleys have been described only briefly in 
previous reports. Those reports that contain some information regard- 
ing the area are listed below. 


1925. Bryan, Kirk, The Papago country, Arizona—a geographic, geo- 
logic, and hydrologic reconnaissance witha guide to desert water- 
ing places: U.S. Geol. Survey Water-Supply Paper 499, 436 p. 


1937. Andrews, D. A., Ground water in Avra-Altar Valley, Arizona: 
U.S. Geol. Survey Water-Supply Paper 796-E, p. 163-180. 


1952. Cushman, R. L., Lower Santa Cruz area, Pimaand Pinal Counties, 
in Ground water in the Gila River basin andadjacent areas, Ari- 
zona—a summary, by L. C. Halpenny and others: U.S. Geol. 
survey open-file report, pl 1195-135: 


1965. Heindl, L. A., and White, N. D., Hydrologic and drill-hole data, 
San Xavier Indian Reservation and vicinity, Pima County, Arizona: 
Arizona State Land Dept. Water-Resources Rept. 20, 48 p. 


In addition to the above reports, the ground-water conditions in 
Avra Valley have been discussed in the ''Annual Report on Ground Water 
in Arizona.'' For the last 3 years, the discussion has been given under 
the heading" Avra-Marana Area''in these reports; prior to that time they 
were discussed under the general heading ''Pima County. "' 
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During the years that personnel of the U.S. Geological Survey 
and the Agricultural Engineering Department of the University of Arizona 
have been collecting basic data in Avra and Altar Valleys, the farmers, 
owners, and well drillers in the area have been cooperative in furnishing 
useful information. Logs, pumping-test information, and other data for 
several deep wells drilled recently for the city of Tucson were furnished 
by L. C. Halpenny, Water Development Corp. 


Several unpublished reports prepared by consulting geologists 
and engineers give data on the water resources of the valleys that have 
proved helpful. These reports are listed below. 


1958, Turner, S. F., Ground-water resources available for use on the 
Cortaro and Marana Farms areas, Pima County, Arizona. 


1959. Turner, S. F., Water resources available to the city of Tucson, 
Pima County, Arizona, 


1965. Halpenny, L. C., andGreene, D. K., Appraisal of1965test drilling 
in Avra Valley, city of Tucson, 


The authors wishto acknowledge the assistance of the people, both 
field and office personnel, employed in the respective agencies. R. J. 
Shaw has collected most of the field data for the ground-water program 
of the Agricultural Engineering Department, University of Arizona, for 
many years. His personal knowledge of the valleys has been helpful. In 
the U.S. Geological Survey, field personnel who have collected data in- 
clude E. K. Morse, R. L. Thompson, W. B. Garrett, and Dallas Childers, 
Jr. The illustrations were drafted by G. S. Smith, F. R. Rascop, and J. 
R. Dusard, Jr.; the cover illustration was preparedby Mr. Dusard. Those 
who assisted with the computations include Jane V. Burton and Toni S, 
Kuehner. The manuscript was prepared for reproduction by Carol L. 
Hicks, Helen S. Price, and Ruth L. Blubaugh. 


THE GHEOHYDROLOGIC SYSTEM 


The availability of water in an areaandthe results of its develop- 
ment and use depend on the geohydrologic system. The climate, terrane, 
and geology are factors that control the entrance of water into an area and 
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the manner in which it moves through and leaves the area. Precipitation, 
the ultimate source of the water, is a function of the climate; the occur- 
rence of surface water or ground water is determined primarily by the 
terrane and the geology. 


The geohydrologic system of Avra and Altar Valleys is typical 
of other valleys in the Basin and Range lowlands province of southern Ari- 
zona, In Avra Valley the flat-lying valley floor, which is surrounded and 
in places pierced by steeply rising mountains, is underlain by coarse ma- 
terials that allow the storage of large volumes of water; the valley floor 
in Altar Valley is somewhat narrower and provides less storage of ground 
water. Precipitation in the area is slight and variable and often occurs 
as intense rainfall of short duration. The streams in the area are inter- 
mittent and flow only during and immediately following rainstorms. The 
valleys are drained principally by Altar and Brawley Washes. 


Climate 


The climate of Avra and Altar Valleys is arid and is character- 
ized by low precipitation and high summer temperatures, which, com- 
bined with the low humidity, cause high rates of evaporation. These arid 
conditions result inthe evaporation of a large part of the precipitation be- 
fore it can be used beneficially by crops or be recharged to the ground- 
water reservoir. Data from several climatological stations in and near 
the valleys indicate a wide range in precipitation from place to place and 
from year to year, The average annual precipitation probably is less than 
10 inches at the lower altitudes in the central parts of the valleys, but it 
may be as much as 17 inches on some of the higher slopes (table 1); pre- 
cipitation rates also vary greatly from month to month during the year. 


In general, local and torrential rainstorms occur inthe summer; 
winter storms are generally regional, gentle, and of longer duration. The 
pattern of runoff corresponds to that of the rainstorms. Runoff following 
the summer storms usually has a high peak but subsides quickly; winter 
and spring flows have lower peaks but last longer. A part of the runoff 
that emerges from the mountainareas probably infiltrates to the ground- 
water reservoir through the coarse materials at the base of the mountains 
and along the stream channels. However, because of the arid climate, 
much of the runoff evaporates quickly. 


Evaporation is a function of temperature, wind, humidity, and 
barometric pressure andis anearly continuous process. The U.S. Weather 


Table 1. --Climatic data for stations in and near Avra and Altar Valleys 


[Data from Green and Sellers (1964), Smith (1956), and U.S. Weather Bureau (annual)] 


Altitude 


(feet above 


Station acon July | Aug. Dec. |Annual 
level) 
Red Rock, Precipitation, 
Sie. S22 Bou Temperature, 
Silver Bell, Precipitation, 1906-57 
SeeZo! Temperature, 1906-57 
Anvil Ranch, Precipitation, 
S259) Temperature, 
Sasabe, Precipitation, 
(ON Weeeoleoo! 
Arivaca, j Precipitation, 
i 13,5 Siesey 


Average evaporation, in inches, at Tucson (University of Arizona) hee HUA OIF | AES HS) (INGE, WES) BE |p ke Ake (Os dl) Be WEy|| Ik, BS || Os, 1S 
1928-54 


1/ Mean for period of record indicated. 


2/ 


— Period of years during which records were reported; not necessarily continuous. 


S| 
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Bureau measures evaporation in a standard 4-foot pan at several stations 
in Arizona, Although such measurements do not represent the evapotran- 
Spiration potential from land areas, they are an index to a characteristic 
of the climate that acts to limit the quantity of water available for bene- 
ficial use. An evaporation station is maintained at the University of Ari- 
zona in Tucson (table 1), and evaporation in the Avra Valley part of the 
study area probably is about the same as at the Tucson station; because 
of the higher altitudes, it may be somewhat different in Altar Valley. 


In arid climates the ability of the atmosphere to cause water to 
evaporate and transpire is much greater than the water available from pre- 
cipitation, Thornthwaite (1948) has devised a method for computing the 
potential evapotranspiration based on temperature and the latitude of the 
station. For Avra Valley, data for three stations along the valley were 
averaged and used to compute average monthly figures for potential evapo- 
transpiration, These potential evapotranspiration rates are shown graph- 
ically in figure 5 and are compared with the monthly precipitation. Pre- 
cipitationis in excess of potential evapotranspiration only in January and 
December, and even then the excess is small compared to the amount of 
potential evapotranspiration in excess of precipitation during the rest of 
the year. Thus, table 1 and figure 5 clearly indicate the small amount of 
water available for recharge to the ground-water reservoir or for bene- 
ficial use by crops in Avra Valley. 


Geologic Setting 


The geologic setting of Avra and Altar Valleys is typical of that 
in many valleys in the Basin and Range lowlands province. Dense, im- 
permeable bedrockforms the mountains that bound the valley floors; pedi- 
ment areas, in which the bedrock is at a shallow depth, extend valleyward 
for varying distances from the base of the mountains; and the central part 
of the valley area is underlainby great thicknesses of alluvial sediments. 


Avra and Altar Valleys are bounded on the west by the Pozo Verde, 
Baboquivari, Quinlan, Coyote, Roskruge, and Silver Bell Mountains and 
on the east by the San Luis, Las Guijas, Cerro Colorado, Sierrita, and 
Tucson Mountains, and Black Mountain (figs. 2 and 3). Along the west side 
of the valleys the rocks in the Pozo Verde and Quinlan Mountains and on 
the lower eastern slopes of the Baboquivari and Coyote Mountains are main- 
ly granite of Tertiary age. The south end and the higher slopes of the 
Baboquivari Mountains are composed mainly of schist that is Teriianyeat 
age. Gneiss predominates on the peaks of the Coyote Mountains. The 
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rocks in the Roskruge Mountains are mostly rhyolite and andesite, except 
along the northeast slope where volcanic and sedimentary rocks of Cre- 
taceous age predominate. Inthe Silver Bell Mountains the rocks are chief- 
ly Cretaceous in age and younger, except for anarea of granite andrelated 
crystalline rocks thatare Precambrian and a few outcrops of diabase that 
range in age from younger Precambrian to Tertiary. On the east side of 
the valleys, the rocks in the southwest part of the San Luis and in nearly 
all the Las Guijas Mountains are Tertiary granite. However, locally met- 
amorphosed shale, sandstone, conglomerate, and limestone predominate 
in the San Luis Mountains and are present in a small area on the north- 
east Slope of the Las Guijas Mountains. Inthe Cerro Colorado Mountains, 
the rocks are mainly andesite and basalt of Tertiary age, although Cre- 
taceous andesite that locally includes tuff and agglomerate crops out ina 
series of comparatively low hills between the Las Guijas and Cerro Colo- 
rado Mountains. The Sierrita Mountains are composed mainly of granite 
and related crystalline rocks that range from Cretaceous to Tertiary in 
age, The rocks along the western slope of the Tucson Mountains are sim- 
ilar to those that predominate in the San Luis Mountains to the south. On 
the higher slope and at the north end of the Tucson Mountains, rhyolite, 
andesite, and granite are present. In places near the crest of the moun- 
tains, dikes and plugs, mainly andesitic to basaltic in composition, are 
prominent. Nearly all the rocks in the mountains that border the valleys 
are dense and generallyimpermeable. Their chief importance tothe water 
resources of the valleys is that they retain the ground water in the trough. 


Hydrologically, the most important part of the geologic setting 
of Avra and Altar Valleys is the distribution of the bedrock and other ma- 
terials that are not water bearing and the highly permeable alluvial sedi- 
ments. The valleys are underlain by alluvial fill to depths of as much as 
2,000 feet in parts of the area (written communication, Cooley and others, 
1964). The alluvial fill is composed of interfingering lenses of silt, sand, 
and gravel, which are coarse and permeable and capable of storing and 
yielding large amounts of ground water. Along the fringes of the valleys 
the alluvium may be underlain at comparatively shallow depths by the bed- 
rock floor, which extends outward from the mountains. These pediment 
areas limit the volume of deposits available for ground-water storage and 
must be taken into consideration in any computation of such storage, 


The logs of several wells drilled recently for the city of Tucson 
Show a red mudstone, probably of Tertiary age, at depths ranging from 
about 1,500 to 2, 000 feet, This material is firmly cemented and prob- 
ably would yield only small amounts of water to wells. 


NES 


Surface Water 


Surface water in Avra and Altar Valleys is limited to the flow in 
Altar and Brawley Washes, the main drainage channels for the area, and 
their tributaries. Allthe flow is intermittent, and flow from the mountain 
washes reaches the main drainage only during times of heavy rainfall and 
the resulting high-peak flows;however, some of the larger mountain washes, 
such as Blanco Wash, may carry large amounts of water during high-peak 


flows. There are no surface-water gaging stations in the valley, and, 
hence, there is no record of the amount of water that enters and leaves 
the area as surface flow. Only a small part of the surface flow is used 


beneficially in the area, 


The study area, especially Avra Valley, is subject to extensive 
and damaging floods that occur as a result of torrential rainstorms onthe 
drainage basin, More important tothe overall water resources of the area 
is the amount of water that might be available for recharge to the ground- 
water reservoir from these floodflows. A report by Lewis (1963, p. 1) 
gives a detailed description of a flood that occurred in Avra Valley in Sep- 
tember 1962. Accordingto Lewis: ''The floods spread over the Santa Cruz 
River, Brawley Wash, Santa Rosa Wash, Sells Wash, and some of the trib- 
utaries but at no time did the entire basinreceive great amounts of rain- 
fall." Lewis (1963, p. 11) further states: "Nearly 5,000 square miles of 
drainage area above the gaging station on the Santa Cruz River near Laveen 
contributed to this flood * * *,"" As much as 40,000 acre-feet of water 
passeda point on Brawley Wash at about the southwest corner of T. 13 S., 
R. 11 E. (Lewis, 1963, fig. 9). Lewis (1963, p. 20) indicates that the total 
surface runoff resulting from the flood must have been in excess of 125, 000 
acre-feet but that only 17, 400 acre-feet reached the gaging station on the 
santa Cruz River near Laveen. What part of this water was lost within 
Avra Valley or how much, if any, may be recharged to the ground-water 
reservoir is not known, 


Ground Water—Occurrence and Movement 


Nearly all the water used in Avra and Altar Valleys comes from 
the ground-water reservoir. The valley floor is underlain by permeable 
alluvium, whichis capable of storing and yielding large amounts of ground 
water. For the most part, the water in the subsurface is the result of an 
accumulation over many thousands of years, although some water is re- 
charged annually. 
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The alluvium consists of permeable lenses of sandand gravel in- 
terbedded with clayandsilt. The alluvial fill is present to depths as great 
as 2,000 feet along the central parts of the valleys; however, along the 
mountain fronts, the thickness is considerably less (written communica- 
tion, Cooley and others, 1964). For the most part, the water-bearing 
materials are interconnected throughout the area, at least to a depth of 
700 feet, and a single water-table aquifer is present. However, there is 
some evidence from logs of recently drilled wells that water below a depth 
of about 1,100 feet is confined below less permeable materials and may 
rise above the regional water table in parts of the area (oral communica- 
tion, E. S. Davidson, 1965). At the present time (1965), there are only 
a few wells that have been drilled to depths of more than about 700 feet, 
and, therefore, the extent of this confined aquifer cannot be determined, 


The direction and rate of movement of ground water in an allu- 
vial basin, such as Avra and Altar Valleys, is a function of several fac- 
tors. Prior to the development of ground water, the aquifer was in ap- 
proximate hydrologic balance; that is, on a long-term basis the amount 
of water moving into the basin was appr oximately equal to the amount moving 
out of the basin, although short-term inflow and outflow rates might have 
been far out of balance. Movement of ground water was from areas of higher 
to areas of lower head in the aquifer; flow lines drawn at right angles to 
the contours of equal head, based on water levels measured in the undis- 
turbed state, show the direction of movement. The water-level contours 
for Avra Valley (fig. 6) are based on measurements of the water level made 
in 1940 prior to any significant amount of ground-water development in 
that area, For Altar Valley, data are insufficient to prepare contours for 
this early period; however, as there has been very little development in 
this area, the contours for 1965 (fig. 7) probably represent essentially un- 
disturbed conditions. The slope of the water surface, as indicated by the 
contours (figs. 6and 7), was generally northeastward and then northward, 
and it conformed to the general slope of the land surface and the trend of 
the main drainage. Ground water moved from the mountain areas toward | 
the centers of the valleys, andsome ground water moved into Avra Valley 
near Three Points from Altar Valley. A nearly similar amount of ground 
water moved out of Avra Valley at the north end into the lower Santa Cruz 
basin, When man imposes new stresses on the ground-water system in 
the form of new discharge points, suchas wells, the response of the sys- 
tem is a change in the flow pattern. Extensive development of the ground- 
water resources of Avra Valley began in about 1950: since that time many 
wells have been drilled, andlarge amounts of ground water are withdrawn 
each year, At the present time, about 30,000 acres of land is under cul- 
tivation, and the annual withdrawal of ground water is about 115,000 acre- 
feet. The contours of the water level (fig. 8) in Avra Valley, based on 
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measurements made in spring 1965, show the changes in the flow pattern 
as a result of the withdrawal of ground water. For the most part, the 
changes are minor and are apparent mainly in the central part of the valley 
where the largest amount of development has taken place. The contours 
show a slight steepening in the gradient of the water surface into the valley 
atthe southendnear Three Points and a slightly greater steepening at the 
north end of the valley where ground water moves into the highly developed 
Eloy area of the lower Santa Cruz basin. However, the difference in gra- 
dients at the south and north ends of the valley may not be significant, and, 
for practical purposes, the natural inflow and outflow rates probably are 
almost the same as in the earlier period. Any small difference would be 
unimportant in relation to the large amount of groundwater withdrawn by 
pumping. 


Similarly, the amount of recharge to the ground-water reservoir 
probably is negligible in relation to ground-water withdrawal by pumping. 
There is some evidence of recharge to the ground-water reservoir from 
floodflows inthe main drainage channels. Cumulative net changes in water 
level indicate a slight reduction in the decline from 1962 through 1964 that 
might be the result of recharge from floods. Data are insufficient to de- 
termine the amount of this recharge; however, itis probably small because 
of the great depth to the water table andthe extremely slow rate of travel 
of ground water in the subsurface material. 


Chemical Quality of the Ground Water 


The chemical quality of the ground water in an area, particularly 
in relation to its chief uses, is important to the overall evaluation of the 
water resources. The suitability of ground water for various uses can be 
determined from chemical analysis of water samples taken from wells in 
the study area. In Altar Valley ground water is used mainly for stock and 
domestic purposes, and only a minor amount is used for irrigation; in 
Avra Valley the chief use of ground water is for the irrigation of crops. 


Water applied for irrigation generally is evaporated from the soil 
or transpired from the growing plants;because the dissolved mineral matter 
in the water cannot evaporate or transpire, it accumulates in the soil. It 
is important, therefore, that the water used for irrigation be sufficiently 
low in dissolved-solids content to avoid excessive accumulation, This is 
particularly true in arid areas, such as Avra and Altar Valleys, where 
surplus water is not available to flush out the accumulated salts. Norigid 
standards can be set for the amount of dissolvedminerals permissible in 
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irrigation water; however, Wilcox (1948, p. 26) has classified water for 
Such use on the basis of percent sodium and Specific conductance. 


Tables 4 and 5 (see appendix) contain complete or partial chem- 
ical analyses of the water from selected wells in Avra and Altar Valleys. 
The total dissolved solids, in parts per million, is about 0.6 of the spe- 
cific conductance. The specific conductance of the water from wells along 
the central drainage of the valleys generally ranges from slightly less than 
350 (micromhos at 25°C) to nearly 600, which is within the range of 'ex- 
cellent to good" for irrigation water as classified by Wilcox (1948). Water 
from a well near the Tucson Mountains had a Specific conductance of 750, 
and water from a well near the Roskruge Mountains had a specific con- 
ductance of 1,080. The water from these wells probably is affected by the 
older sedimentary rocks that cr op out inthe mountains, For the most part, 
the water sampled is from wells less than 600 feet deep. However, water 
from a deep well (more than 1,800 feet) drilled recently for the cityrot 
Tucson in the upper part of Avra Valley near Three Points had a specific 
conductance similar to that of water from the shallower wells. 


The U.S. Public Health Service (1962, p. 7) has set standards 
for the chemical characteristics of water tobe usedfor drinking purposes. 
In general, drinking water should contain no more than 500 mg per 1 (mil- 
ligrams per liter) of dissolved solids. The water from all the wells sam- 
pled in Avra and Altar Valleys is within the desirable limits set by therUa) 
Public Health Service. An important constituent of drinking water that has 
received a large amount of attention in recent years is fluoride. Exces- 
Sive amounts of fluoride in drinking water that is consumed by young chil- 
dren cause mottling of the enamel of the permanent teeth. The recom- 
mended control limits for fluoride concentrations differ, according to the 
annual average of maximum daily air temperatures, For Avra and Altar 
Valleys the upper limit is about 0. 8 mg per 1, and the optimum value is 
0.7 mg per 1 (U.S. Public Health Service, fo62) pee). Tables 4 and 5 
show that only a few water samples had a fluoride content sufficiently in 
excess of these amounts to cause concern, However, water from a deep 
well drilled recently to a depth of more than 1, 800feet near Three Points 
had a fluoride content of more than 4 ppm (parts per million)—analysis 
not shown in tables. Dataare insufficient to determine the reason for the 
apparent increase in fluoride content with depth at the present time. 


HYDROLOGIC CHARACTERISTICS OF THE AQUIFER 


This section of the report will apply only to the Avra Valley part 
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of the study area. In Altar Valley, the withdrawal of ground water is mi- 
nor, water-level changes are local, and data are insufficient to determine 
the hydrologic characteristics of the aquifer. 


In Avra Valley, ground water currently is being withdrawn from 
the aquifer in excess of the rate of replenishment. The results of this with- 
drawalof ground water from storage depend on the hydrologic character- 
istics of the aquifer that control the storage capacity, the total amount of 
water available for withdrawal, and the rate of transmission of water, A 
determination of these characteristics makes it possible to understand the 
physics of the ground-water system and helps to evaluate the ground-water 
resources of an area in relation to the development of these resources. 
The rate at which an aquifer will yield water to wells is a function of the 
transmissibility of the aquifer. This and other terms that describe the 
hydrologic characteristics of the aquifer have been defined by Ferris and 
others (1962), The coefficient of transmissibility is defined as the rate 
of flow of water, in gallons per day, through a vertical strip of the aquifer 
1 foot wide extending the full saturated height of the aquifer under a hy- 
draulic gradient of 100 percent. The volume of water that the aquifer re- 
leases from or takes into storage per unit surface area per unit change 
in head normal to that surface is called the coefficient of storage. The 
ratio of the storage coefficient to the transmissibility of the aquifer deter- 
mines the rate at which the cone of depression will spread around a pumping 
well. From the data available for Avra Valley, estimates of the transmis- 
sibility and storage coefficients have been made, andthe estimates prob- 
ably are in the correct order of magnitude. The methods used to deter- 
mine these characteristics and the results obtained are described below. 


Transmissibility Determined from Well-Data Analysis 


In this study the coefficient of transmissibility was estimated 
from the specific capacity of individual wells by a method described by 
Thomasson and others (1960, p. 222). The specific capacity of a well is 
the relation of yield to drawdown—that is, its yield in gallons per minute 
per foot of drawdown of the water level caused by pumping. The method 
consists of multiplying the specific capacity by an empirical factor (de- 
termined experimentally) to obtain an approximate value for the coeffi- 
cient of transmissibility. The specific capacity of a well is a function not 
only of the hydrologic characteristics of the aquifer but also of the con- 
struction of the well, particularly the condition of the perforations in the 
casing, the distribution of the perforations within the saturated zone, and 
the depth that the well penetrates the saturated zone. Therefore, the value 
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of transmissibility estimated from specific capacity will be affected by 
these factors. For the most part, transmissibility estimated from spe- 
cific capacity will tend to be lower than the true transmissibility of the 
aquifer. However, because most of the data for specific capacities of wells 
used in this study were from tests made at the time of completion of the 
well, when perforations in the casing were open, it is probable that the 
values obtained for transmissibility are verynear the true values for the 
part of the aquifer penetrated by the wells, 


Transmissibility of the aquifer in Avra Valley, estimated from 
the specific capacity of wells; ranges from about 20,000 to more than 
200, 000 gpd (gallons per day) per foot (table 2). In the Three Points area 
the average transmissibility is about 60, 000 gpd per foot, in the Ryan Field 
and central valley areas it is about 80,000 gpd per foot, andinthe Marana 
area itis about 150, 000 gpd per foot. The overall average transmissibility 
for the valley is about 100, 000 gpd per foot. 


The values computed above are ameasure of the transmissibility 
for only the upper 500 to 700 feet of material, because the data on which 
the estimates are based are from wells that are only 500 to 700 feet deep. 
Below a depth of about 700 feet the materials may be somewhat finer grained 
and yield water less readily. Data are insufficient to ascertain the trans- 
missibility of the aquifer below a depth of 700 feet. 


Transmissibility Determined from Aquifer Tests 


The hydrologic characteristics of aquifers can be determined by 
means of aquifer tests in which the effect of pumping a well at a known 
rate is measured inthe pumped well and in nearby observation wells. The 
data obtained during the tests are analyzed by means of mathematical for- 
mulas that relate the hydrologic properties of the aquifer to the change in 
water levels in andnearapumpedwell, The particular formula to be used 
depends on the data available, Similarly, whether all or only part of the 
hydrologic characteristics of the aquifer can be determined depends on the 
data obtained from the tests, For example, with data from only the pumped 
well, the transmissibility of the aquifer can be computed but not the storage 
coefficient. The different formulas that have been derived are described 
in several publications (Ferris and others, 1962; Brown, 1953) and will 
not be discussed further here, 


To some extent, values of the hydrologic characteristics deter- 
mined from aquifer tests must be considered as point data and not as 
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regional characteristics for a widespread nonhomogeneous aquifer sys- 
tem, In this respect, then, the data are similar to those obtained from 
analysis of well data; if a sufficient number of tests are available well dis- 
tributed over an area, then the values derived may be indicative of the 
entire aquifer system. 


Data from six aquifer tests made in Avra Valley from 1942 t01965 
were available for analysis. The tests provided data only from the pumped 
well, and, thus, only the transmissibility could be determined. Therefore, 
these tests donot represent a complete analysis of the aquifer character- 
istics but serve only as indicators of the magnitude of the characteristics 
and show the areal variance over the valley. Values of transmissibility 
obtained from the tests rangedfrom about 40, 000 to 130, 000 gpd per foot. 
The location of the pumped well, date of the test, and value of transmis- 
sibility obtained are tabulated below: 


Computed 
Well location Date of test transmissibility 
(gpd per foot) 


(Dad2-10)14 10/42 70, 000 
(D-15-10)33 6/58 40, 000 
(DEER ap el 5/58 130, 000 
(D-16-9)28 11/57 46, 000 
(D-16-10)4 5/65 77, 000 
(D-16-10)8 5/65 44,000 


In general, the values obtained from the tests agree with those obtained 
by the analysis of well data described in the foregoing section. 


Storage Coefficient Determined from Analysis of the Effects 
of Ground-Water Withdrawal 


The coefficient of storage of the aquifer in Avra Valley has been 
computed on the basis of the relation between the amount of ground water 
withdrawn and the resultant dewatering of the aquifer. Whena well is being 
pumped, water is removed from the aquifer, and the water level in the 
aquifer surrounding the well is lowered, which causes water to move to- 
wardthe well. The lowering of the water surface near a well is described 
as the cone of depression or cone of influence of the well; the amount of 
lowering decreases with distance and increases with time. As the cones 
from many wells inanareabegintooverlap, a regional cone develops that 
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eventually may encompass the entire valley. The depthand spread of this 
cone are dependent on the rate of withdrawal of water, the length of time 
of the withdrawal, andthe transmission and storage characteristics of the 
aquifer. Specifically, the volume of the cone is directly proportional to 
the amount of water withdrawn from the aquifer and inversely proportional 
to the storage coefficient of the aquifer. The change in head—change in 
water level— multiplied by the area of aquifer surface over which it is ef- 
fective determines the volume of the cone. The volume of the cone de- 
veloped during a specified period of time due to the pumping of a given 
amount of water is equivalent to the volume of sediments dewatered during 
that time. 


Assuming that natural inflow is of the same order of magnitude 
as natural outflow, the amount of ground water pumped (acre-feet) divided 
by the volume of sediments dewatered (acre-feet) determines the coeffi- 
cient of storage (nondimensional). If there is a difference between inflow 
and outflow, then the storage coefficient of the aquifer determined in this 
manner will differ slightly from the true storage coefficient of the aquifer. 
It is probable that in Avra Valley the pumping of groundwater has not, as 
yet, greatly changed the ratio of inflow to outflow, and the storage coef- 
ficient computed by this method is very nearly the true storage coefficient 
of the aquifer. 


A map was prepared for Avra Valley showing contours of the 
change in ground-water levelfrom spring 1955 to spring 1965 (fig. 9). The 
map Shows that the amount of water-level decline during that period ranged 
from about 10 feet at the upper end of the valley to as much as 60 feet in 
the areas of greatest ground-water withdrawal. The volume of sediments 
dewatered by the withdrawal of ground water during that period was de- 
termined by planimetering the surface area along successive contours and 
multiplying this area by the amount of change represented by the contours. 


Further evidence of the correlation between ground-water with- 
drawal and dewatering is illustrated in figure 10, which shows the cumu- 
lative change in water level and annual pumpage in Avra Valley from 1940 
through 1964, The change in water level is based on measurements made 
in several hundred wells each year. Data from figure 10 agree withthose 
from the map showing contours of the change in water level from Spring 
1955 to spring 1965. A correlation between the amount of ground water 
pumped annually and the trend of the cumulative decline in water levels 
may be seen in figure 10. For example, the decided increase in pump- 
age in 1951 is reflected by an increase in the slope of the line showing the 
cumulative change in water level, 
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From spring 1955 to spring 1965, about 1.2 million acre-feet of 
ground water was withdrawn from the aquifer in Avra Valley, which re- 
sulted in the dewatering of about 7.3 million acre-feet of sediments (fig. 
9). Thus, the storage coefficient computed from these data is about 0. 16. 
This value probably should be adjusted to about 0.15 to account for any 
small amount of natural inflow in excess of natural outflow. 


AVAILABILITY OF GROUND WATER 


Previous sections of this report have shown that the rate of re- 
charge to the aquifer in Avra Valley is small compared to the amount of 
ground water pumped each year. Thus, it is evident that most of the water 
pumped inthe area must be withdrawnfrom storage—that is, ground water 
that has accumulated in the basin over along period oftime. Adetermina- 
tion of the amount of water available and the effect of continued withdrawal 
from storage is therefore important tothe proper management of the water 
resources of this valley. For Altar Valley, data are insufficient to make 
these determinations, 


Water from Storage 


The storage capacity of an aquifer is defined as the volume of 
Space available to contain water—that is, the total volume of saturated 
sediments multiplied by their porosity. The porosity of a rock or soil is 
its property of containing interstices (Meinzer, 1923, p. 19) and is ex- 
pressed as the percentage of the aggregate volume of the interstices tothe 
total volume of the rock. However, because a large part of this stored 
water will be held inthe aquifer by molecular attraction or other forces 
of retention, the amount that can be extracted trom) the aquifer isvimuca 
less than the total storage capacity. The volume of water that is theoret- 
ically available for man's use from an aquifer is a function of the total 
storage capacity of the saturatedsediments and the coefficient of storage 
of the aquifer material. 


Figure 11 shows contours ofthe depth to water in Avra Valley as 
of spring 1965. The depth to water was about 200 feet below land surface 
at the north end of the area and about 350 to 400 feet in the center of the 
area, where ground-water withdrawal is greatest. At the south end of the 
area, where only a small amount of ground water is pumped, the depth to 
water was more than 425 feet at the southeast edge but was only 175 feet 
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FIGURE II--THICKNESS OF PERMEABLE SEDIMENTS AND DEPTH TO WATER, SPRING I965, IN AVRA VALLEY. 


LE 


-_ 


sie eae 


ey) 


at Three Points, a few miles west. Adelineation of the approximate area 
of the storage reservoir in terms of the thickness of the permeable allu- 
vium also is shown on figure1l. The designation of the thickness of per- 
meable alluvium was made by Cooley and others (written communication, 
1964). The area immediately adjacent to the mountain fronts, where the 
alluvium is less than 300 feet thick (fig. 11), was not included in the com- 
putation of the storage capacity. This is the so-called pediment area; the 
data available indicate that the alluvium probably is very thin here and that 
in a large part of the area it is above the water table. For the narrow 
band extending valleyward from the pediment area, an average thickness 
of 500 feet was used in the computation, although the thickness of the per- 
meable sediments probably ranges from about 300 to 700 feet. Along the 
central part of the valley, where the alluvium may be saturated to depths 
of as much as 2, 000 feet, an arbitrary depth of 1, 000feet was used in the 
computation of storage capacity. The depth-to-water contours for spring 
1965 were used with the values of total thickness of the alluvium to deter- 
mine the total thickness of the saturated material below the 1965 water 
level. From these data it was determined thatthe total volume of saturated 
material below the 1965 water table and above a depth of 1, 000 and 500 feet, 
respectively, was about 110 million acre-feet. Ina previous section of 
this report it was shown thatthe storage coefficient of the aquifer in Avra 
Valley was about 0.15. Thus, about 16.5 million acre-feet of ground water 
is theoretically available from the storage reservoir in Avra Valley above 
the depths described. However, the actual volume of water that can be 
pumped from the ground-water reservoir may be less than the computed 
volume, depending upon the effectiveness of the removal of water from 
storage. Several physical factors, such as the depth of wells, distribu- 
tion of wells, and rates and schedules of pumping, will affect the ability 
to withdraw the full amount of water that is available. The pattern of the 
cone of depression created by pumping and the quality of water at depth 
also will affect the amount of water that can be used. 


Effects of Continued Withdrawal of Ground Water 


As has been shown in the foregoing sections of this report, the 
present effect of ground-water withdrawal in Avra Valley is the regional 
lowering of the water table. Water levels have been measured, and the 
amount of ground water pumped has been calculated for the valley for many 
years. These historical data have been used to predict the status of the 
ground-water reservoir for 1970. The method used to make the predic- 
tion consists mainly of determining past trends in ground-water condi- 
tions, as indicated by water-level changes in individual wells, and projecting 
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these trends into the future. The projections are based ona hypothesized 
regimen of ground-water withdrawal. 


The amount of ground water pumped annually in Avra Valley has 
been about the same for the last few years; therefore, for purposes of pre- 
dicting the effects of continued withdrawal, it has been assumed that this 
rate and areal distribution will continue during the next 5 years —spring 
1965 tospring 1970. The prediction of ground-water conditions inthe valley 
is shown in the form ofa depth-to-water map for spring 1970 (fig. 12). The 
reliability of the prediction of depth to water for 1970 will depend largely 
on how nearly the hypothesized pumping regimen conforms to actual pump- 
ing during the future 5-year period. Any deviation will directly affect the 
amount of change in the water levels inthe aquifer. Ifthe predictions were 
made for a longer period of time into the future, several other factors would 
affect the reliability. (1) Any differences in the permeability or transmis- 
Sibility of the subsurface materials at greater depths would affect the rate 
of change inwater levels. (2) Any unforeseeable changes in recharge rates, 
such as from excessive flooding, would reduce the rate of decline of the 
water level resulting from a like withdrawal of ground water by pumping. 
(3) Changes in the chemical quality of the water at greater depths must 
also be considered, If the ground water at greater depths is of poorer 
quality, there might be a shift of pumping to another area, or it might be 
necessary to pump larger amounts of water to leach away the effects of 
using water of poor quality for crop irrigation. All these factors would 
directly affect the accuracy and reliability of the predictions of future 
ground-water conditions in the area. 


The map (fig. 12) shows that the predicted depth to water for 
spring 1970 is about 225 feet below the land surface at the north end of the 
valley and from 375 to 400 feet in the central part where ground-water 
withdrawal is greatest, At the south end of the valley the predicted depth 
to water is more than 450 feet at the southeast edge but is only about 200 
feet near Three Points a few miles west. Acomparison of the two maps — 
depth to water in spring 1965 (fig. 11) and predicted depth to water in spring 
1970 (fig. 12)—indicates that about 3. 8 million acre-feet of sediments will 
be dewatered in the 5-year period by the hypothesized amount of ground- 
water withdrawal, The average water-level decline during this time will 
be about 18 feet. 


SUMMARY 


Altar and Avra Valleys are the upper and lower parts, respec= 
tively, of a north-trending basin in the central part of Pima County. The 
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two valleys are separated by an arbitrary dividing line perpendicular to 
Brawley Wash in Tps., 15 and 16S, From this point Avra Valley extends 
northward tothe Pima-Pinal County line and is separated arbitrarily from 
the Santa Cruz basin by the line that extends from the north tip of the Tucson 
Mountains to the Pima-Pinal County line. 


Altar Valley is largely undeveloped and ground water is used main- 
ly for stock and domestic purposes and a minor amount of irrigation. In 
Avra Valley some agricultural development using ground water took place 
as earlyas 1940, but extensive development of the ground-water resources 
did not begin until about 1950. At the present time (1965) about 30,000 
acres of land is under cultivation in Avra Valley, andthe annual withdrawal 
of ground water is about 115,000 acre-feet. 


In Altar Valley the water levels have been affected only locally 
by the small amount of ground water withdrawn up to the present time. 
However, in Avra Valley the result of ground-water withdrawal is a re- 
gional lowering of the water table. In this area from 1955 to 1965, about 
7.3 million acre-feet of sediments was dewatered owing to the pumping 
of about 1.2 million acre-feet of ground water. These data indicate that 
the coefficient of storage of the aquifer in Avra Valley probably is about 
0.15. The average coefficient of transmissibility of the aquifer in the 
area, eStimatedfrom the specific capacities of wells and from well tests, 
tssabout 100,000 god per foot for the upper 500 to 700 feet. 


Most of the water pumped in Avra Valley is withdrawn from stor- 
age. Calculations show that about 16.5 million acre-feet of ground water 
is available from storage in the aquifer. The saturated thickness of the 
alluvium used inthe calculations was based on the depth to water in spring 
1965 and the total thickness of the alluvial sediments inthe valley, except 
tnatminesthe central partorthe valley/an arbitrary thickness of 1, 000 feet 
was used. An estimate of the effect of continued withdrawal of ground 
water from storage, showninthe form of a prediction of the depth to water 
in spring 1970, indicates that an average decline of the water level of about 
forteciuimaywtakesplece in Avra Valley inthe next > years. Data are not 
sufficient to make these determinations for Altar Valley. 
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APPENDIX—— BASIC DATA 


Table 2.--Records of selected wells, Avra and Altar Valleys, Pima County, Ariz. JS 


00) 
Well number: See figure 4 for description of well-numbering system. Yield: R, reported. 
Perforated interval: OH, open hole. Remarks: C3, chemical analysis of water shown in table 3; C4, chemical analysis of water shown 
Land -surface altitude: Determined from Geological Survey topographic maps, unless otherwise in table 4; L, log of well shown in table 5. T = transmissibility in gallons per day per foot; 
indicated. L, spirit levels. computed after Thomasson and others, 1960, 


Water-level depth: R, reported. 


amt | watertere: | Pumping | 
Pum data 
Perforated surface 
interval altitude | Depth below Date Date 
Re ks 
Well number (feet below (feet above | jand surface | measured Yield | Drawdown | . eagured mA 
land surface) mean sea (feet) (mo/yr) (gpm) (feet) (mo/yr) 
level) 
@ 
(DS IMENO) 2d hereumectertton | cateseisccrertenvers [inn ctcietase lsc 1 Gia eee tyes terse crea 1, 895 184.6 42/6350 Ul Crecstwirate ore | atsadee nig tee | oe arte tes eee ee 
185.3 1/65 
ZOE Cierra leatacsjeall oestrone eet cual ince, Seo eta Gime eecoe ee cee coerce L895) Ml theres: srateerccde el ames oie Sie URLs Ue Beret cee 6/64 a aioe eer 
AdAd were coer: 1951 320 16 155-314 1, 888L 154.0 /51 CLOms | Reeser U/ SOR Saal oars 
OH 316-320 196, 2 1/65 STO a werner ae 7/62 
Saadieer ioe 1941 650 20 140-386 1,878 L 138.0 /42 1, 600 37 8/41 43 C4; T = 73,000; abandoned. 
OH 600-650 218.0 1/65 
Sdddieerrcen: 1951 443 18 154-430 1,885 L 169.1 2/54 is S 30bmell Pen e rs sore: 8 (SiMe ni, Pram tara C4, 
OH 433-443 207.9 12/63 BEIXU(O)s al Navatess ay ee 6/64 
decree rer 1952 578 16 160-305 1,895 154.9 2/52 2,000R 48 /52 42 T = 71,000. 
320-545 219.3 1/65 NETL NUE mia hence Gor ates wie 6/64 
Sdddipee ser 1948 590 20 350-580 1,895 214.4 1/63 15 GL Ome eee cite Ch Pel teen ave crere B C3; 
220.0 1/65 AW TATUG oll gains Sake 6/64 
i2adde eer 1963 800 20 240-800 1,919L 248.4 LDC Sie teeta ads [tas cea Woe Meee le eae 1b 
233.0 12/64 
TP2ccem ener a: 1947 501 20 160-484 1,911 149.4 1/48 2, 800 AT ea lice en eg. 60 C3, C4; T = 102,000. 
1960 883 228.5 12/64 25620 eee eae 9/48 
ESaaabnce aks 1947 520 20 160-508 1,925 154.4 1/48 3,950 AD ela vetat 94 C3, C4; T = 160, 000. 
242.5 12/64 355008 05|crecesentee 9/48 
t4dabeeeese 1951 395 18 82-395 1,915L 165 R 4/51 138 Olea cetera: 6/6400 one seo ae C4, 
231.8 1/65 
loaadeeeernye 1952 396 16 160-394 1,909L 162.3 /52 1,700R 28 1/52 61 T = 104, 000. 
216.6 1/65 1561 TOR | rasa 6/64 
IBS oan soend 1950 600 20 160-586 1,902L 149 R 3/50 272205 a lleaepseiees: 6/64¢" | Sessa 
206, 2 12/60 
diodddieyaee eee 1952 333 20 165-322 1,909 L 168. 3 3/53 3,200R 32 1/52 100 T = 170, 000. 
22a 1/65 
MECN so bbo86 1940 500 20 150-500 1,884L 1369 R /40 3,200R 25 /40 128 T = 218, 000. 
204.5 12/60 OOD le ean ee 6/64 
AGES Ses chee 1951 358 16 180-310 1, 921L 175.8 3/53 1,800R 30 9/51 60 T = 102,000; abandoned. 
OH 320-358 235.0 1/65 0.2 Sol bere ret eee 7/63 
20dddmeeer es 1952 529 20-18 170-529 1,909 L 225.4 1/64 2,200R 20 11/52 110 T = 187,000; abandoned. 
BING wets Go 1937 600 20 145-582 19155 140.7 CaN PRGA PES ANE UP startin rye: Knee SN ioe uet <9 Be hs C4, 
224.5 1/65 
PEC codon 1951 375 16 150-370 1,918L 174, 8 6/51 1,600R 35 5/50 46 C4; T = 78, 000. 
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Table 2.--Records of selected wells, Avra and Altar Valleys, Pima County, Ariz, ——Continued 


eran | arr piscine 
1 ping d 
Perforated surface hen dl Ss capacity 


Casing 


interval altitude Decth below. Date (gallons 
ricerca: (eet (below (feet above hoes pels Drawdown | easured| Per minute gar 
ee land surface) mean sea (feet) (gpm) (feet) (mo/yr) | Per foot of 
level) drawdown) 
1947 370 20 160-350 1,933L 160. 2 [47 25020 al| Mere eerace. | 08 ee O/O4am || encees eee ye C4, 
240.0 1/65 
1947 500 20 170-490 15 9385115 159.5 1/48 3,250R 35 8/47 93 C3, C4; T = 158, 000 
246.5 12/64 25 8:1 Omen eearer yeas 9/48 
1951 348 16 168-345 1,931 1 237.9 TOVCOR Weer cteearey aie | erro teraierecee sill Rae wence acme | Sern ne re eae C4, 
1955 540 243.1 1/65 
1949 600 20 175-586 1,953L 209.9 2/52 224 Oe melee en nry CY AON ale Seine aloe pee C4, 
265, 3 1/65 1528:3.0 fe | Perarer event: 6/64 
1952 628 20 260-612 1,939L 190 R 12/52 TS 25 Ee scene ter SHARE. le 55 oeeenta tree & 
229.7 12/60 PO TOM | neesrcvotcetel ate 7/63 
1948 400 20 170-390 1,935L 170, 8 | eee he eee ese steal |g ae eae aa er caine hl ase pen te our CA 
239. 8 1/65 
1947 310 I at hd) Beceem ee 1,922L 170.9 2/54 SE5EP || Pees 8/6 Olmal anes Seuss C4, 
234.4 1/65 O20 ge se ea ae 7/63 
1953 Selim leeewerine cure || mere e ner recs DONO SRN Seco tee cr etcetera elo |p Shes book ovo essores sili eave Sua ae Sel | CASTS ae cseareiaais br apeigs tac epee | MU tre Arar L; oil-test hole 
1963 700 PAUP S| coder tericene orate 1,915 250 R Lyf CAS eden torre mth on lS tnegev-nsperncder | egetern ag Rear: | ieee eee ere C4, 
1963 500 16 240-495 1,940 240. 6 iG) Ahsan peel Pe critics teen preetrn tee EM cts So cron cette Bis oer A 
1963 680 20am hey tercttens serrata 1,941L 252i 5 eal [oa on PRN yl Leen ee ECILS are cera alk Gaums Sans Bay ae L. 
1958 505 6 405-505 2,175 400 R SPORE Wekesb a.ea-s Ferien wo eeell | Easter ee le eegereentar onsets 
1937 538 20 180-520 1,966 L diiee5 3/40 2,750R 26 1/47 106 C3, C4; T = 180, 000 
279.0 12/64 
1951 512 20 200-498 1,968L 194 R 7) fs gle le Stee es Ore [a hee SPE RT || Berens olen greene ater 
248.4 12/59 
1962 500 1B | Breeches crakear: 1,980 S75 a aR S/T PID ek arses renee lence prendre | wecerene, a chem | eeeceuramey uciina a 
1951 500 OLIN b crete moun eae 1,963L 190.5 7} See a. 5 aes enc la ere RE eed | a oat cin Pacers OCIS Cz, 
1937 596 20 160-580 1,949 162.1 3/40 DEOHON Ulla G/GAS Nie ae tare ae C3, C4, 
260.5 12/64 
9 
1947 442 20 170-420 1,955 173.9 1/48 3,300R 28 6/47 118 @3,, G4: fh = 201,000 
OH 420-442 263.3 12/64 
SoS “ORG Cacao aOR OT cael Oey cetera aan Me errr 1,964L 266.0 12/63 ob eit ectomaigea nats: | Goh spaeeeuavenueall Ae Steere | Orc eee aerate 
1937 840 20 160-810 1, 967 171.4 3/40 2,690R 22 1/47 122 C3; T = 207, 000. 
OH 827-840 PDP, B 12/64 224305) aera ees 6/64 
1958 503 16 271-500 1, 998 2 Omeer TOYS Sm plete eateteccesil cece evarpeeercee ee eeaeycre moa | seven eee Ie 
1952 620 16 160-620 2 O2dut 236.1 /52 AR OOO atam oes ¢ OH SOE | anes eaten tear 


60 


Table 2, --Records of selected wells, Avra and Altar Valleys, 


Pima County, Ariz, —Continued 


Land- Specific 
Water level Pum data 
Dat Depth c Perforated surface ping capacity 
e aging 
of interval altitude Depth below Date Date (gallons 
Remarks 
Sieg Senate: ae iscbedk. ast below (feet above land surface measured pele Drawdown meagured | per minute 
bask (feet) land surface) mean sea (feet) (mo/yr) (gpm) (feet) (mo/yr) | Per foot of 
[ level) drawdown) 
(OSU NSUINPERBE Foe ooad IP ooogeeen: LO Oae hence mor} | aaante es een 1,984L 20885 UC a ereronie’ 7 Meech x WG Wey oe | aa oe * 
CBAC Aine aa eemens| iS eet 500 20 200-485 1,980L 197.5 1/50 3,250R 26 /49 125 C4; T = 212,000. 
286, 2 1/65 
2B ddd co Aiton | tate eee 500 20 200-485 1,981 L 201.0 1/50 3, 250 29 /49 sabe C4; T = 190,000. 
29 tee3 11/64 
OTe dics cance me eda 553 20 220-537 1,973L 187. 0 (fee od ects ste Seamer Med etna eet Demet eh De « C4, 
280.9 1/65 
Scaade me ae 1951 320 Situ llacropste rset neh wae: 1,984 220 R SE Teste cd ag eee cme at en ee Re at, 
260.0 12/59 
SICENG Sire ge Ana Ne Oleh egg 400 Ae: 192-395 1,975 L 194.7 /49 TAL O POW lege Rel eet HAS ad Rete ee C4, 
AUB ei 1/65 GSO aan eters seein 7/63 
S3Dbq iyo 1959 SEN Ei Seer Gl eee ae F 1,989L 276.0 IRS Darren. a torte rky Ue ON e de on e «%, C4, 
SRCEE nen noc 1951 440 12 220-400 1, 997L 220 R 5/51 he HOOUEW oSooans oc BJO hl tae se ee Cz: 
266.6 12/59 
34adds. ccs 1939 510 20 200-498 2,008 L 188.9 LR we err alr care 8 Mie eee dome NY C3, C4 
294. 6 12/64 
34ddq) n.05% 08 1951 492 20 215-490 DO PUD. 1% igi Ale mirce a pee Nee Sere ieh ee Se, C4, 
269.6 12/59 
SOAACH ear cite | | ee erer 502 20 180-484 2,020L 209. 9 1/50 3, 250R 22 /49 148 C4, 
292.5 12/64 
SOOdd Na eer al eee oe 500 20 400-480 2,026L 189.1 Ee Re ont ah A a ec ree AE PG a C4, 
259. 3 1/65 
(D-12-10)ilcec . 6.2... 1951 418 20 188-414 1,979L 202.7 Alaa Oe oF ce NON ae Pena ey aaa a | 
1962 707 260. 8 1/65 
SMe lo Renee Sere 1951 414 20 190-410 1,981L 191 R 11/51 ee LO. Dil Re ae ache ae 3 O/ CTI |e cee eee 
244.7 12/59 ASTORKOS al Bresess Soniearen 7/63 
Sadde enn ae 4 1962 (GEN OW cetedta cso el erm ere sree? oe eee tee ON leds 260. 3 iy Pa Ns tee ial Me Aiea eS ante é 
BCOCHa ee he 1952 710 20 220-690 iL, OPAL, 189.6 11/52 98.00 Balen keene: 0/5 Oia | eter gO er C4, 
220.0 12/59 CAROL bl ie ie iat 6/64 
BISEX Se asters 1951 520 20 190-504 1,975 L 182.3 1/52 ISO OF lie eemee yy 0 /62:% etal ssn ee C4, 
Sis). 1/65 
Aabamenc 1960 LS AUR ST (ate aha Aen Pee oe es ee meme 1,964L 232.9 oA Cece aul Po ee nee bina re ace ee le 
rs Be 1962 TC OO RG nee accent as cantare, oy et 1,977 L 246. 4 12/62 AW a) miearact A te 7/6207). eabemen’. 2 
D522 Oe ie cuais ce ates 6/64 e 
CG ENT ee 1951 402 20 175-398 1,962L 182. 8 say ae Ss aad Php ese tse acy eee ee C4, 


OG 


Well number 


cee ece 


CiOw Oh: CaCHCINt) 


eee eo eee 


1951 


ee 


1950 


1951 


1951 


1951 


1951 


1954 


1952 


1952 


Ce a ee) 


1952 


1952 


1946 


344 


594 


588 


670 


504 


307 


400 


785 


600 


500 


290 


420 


490 


522 


Table 2,--Records of selected wells, Avra and Altar Valleys, Pima County, Ariz, —-Continued 


20 


20 


20 


10 


eee eee ee oe 


20 


20 


18-12 


20 


18 


18-16 


20 


20 


oer eee eeoe 


20 


20 


180-423 


180-504 


185-336 
OH 336-344 


ey 


208-572 


230-580 


240-665 


190-500 


195-300 


240-325 


Ce i er ry 


250-582 


250-488 


re ry 


250-480 


250-510 


382-502 


Land- 
surface 
altitude 

(feet above 
mean sea 
level) 


eo To 


1,984L 


1,996L 


2,004L 


2,007L 


2,017L 


2,023L 


2,024L 


2,026L 


2, 030 


2, 034 


2, 034 


2,042L 


2,040L 


2,021L 


2,029L 


2,034L 


SD, Ob: 


Water level Pumping data 


183, 


198. 
252, 


204, 
284, 


242 


331. 


320 


700R 


700R 


Date 
measured 


(mo/yr) 


SO Ses dupraveyensaces 
23 11/52 
13 9/55 


Specific 

capacity 

(gallons 
per minute 
per foot of 
drawdown) 


rr 


26 


ee 


eee ees oeoeee 


cee eee oe so ee 


rd 


40 


13 


33 


ee er 


rd 


21 


64 


30 


54 


CC CC CC ec cc ee ec ed 


Remarks 


L. 
T = 44, 000. 
T = 46, 000. 


L; T = 68, 000. 


T = 22,000. 


C4; T = 56,000. 


T = 36,000; water-level and 
pumping data from American 
Smelting and Refining Co. 


C3; T = 109,000; specific-capacity 
data from American Smelting and 
Refining Co. 


T = 51,000; water-level and 
pumping data from American 
Smelting and Refining Co. 


T = 92,000; water-level and 
pumping data from American 
Smelting and Refining Co. 


IG 


Well number 


eee rene 


oe ee ore 


ee econ. 


ee ee oee 


eee cee 


ee ee eee 


1951 


1952 


1949 


1952 


1960 


1952 


1951 


1951 


1951 


1951 


1941 


eee ees esee 


1948 


1952 


1,900 


600 


eee eee oe 


606 


585 


555 


560 


904 


385 


462 


695 


Table 2,--Records of selected wells, Avra and Altar Valleys, Pima County, 


[water tres [ Papin tn 


Casing 
diameter 
(inches) 


ee eee one 


20 


coe econ e 


20 


20 


20 


20 


20 


16 


12 


12 


12 


20 


16 


16 


rr ry 


OH 560-580 
562-855 


eee eee eee ores nee 


Cee eee ee ece ren ace 


218-532 


260-600 
OH 604-606 


270-535 


OH 550-585 


230-547 


250-508 


OH 526-560 


245-886 


180-380 


190-400 


210-462 


250-780 


200-370 
OH 373-375 


200-677 
OH 677-695 


2,068L 


2,068L 


2,035 


1,975 


1,986L 


1,990 


2,013L 


2,072L 


2,005 L 


2, 009 


2,010 


2,013L 


2, 010 


2,015 


2,019L 


2,017L 


2,048 L 


Depth below 
land surface 
(feet) 


eee c oe eee 


Yield Drawdown 
(gpm) (feet) 


Ariz. ——Continued 


Specific 

capacity 

(gallons 
per minute 
per foot of 


drawdown) 


cope A Ke LOS, Ost Sie 016.5 >'olel oS Keio! sale levis) eledl eyelets velenatelte rere 


1,750 


cere essere 


eee eer coos 


eee eee eres 


eee ees oees 


ie elerle \ekelens ake: |e ace \e) exes sus. s 


Oifal/eeke! Skelv lone! fae cic, eietein isis 


ee oes eee ae 


eee eee er oee 


Ce a ed? 


eee ees eres 


sete oe ee oe 


a er 


28 


ec ry 


rs 


Cee eee ee sees 


er rd 


Crceteueyie nt: C106 § (She. e26 6, 050) eke alll ehexeensiens ere veil te-eo)ehadenerecn eieie 


eee esc ores 


re rd 


See ere sere os 


18 


29 


ry 


Remarks 


C4; T = 34, 000. 


C4, 


C3, C4; T = 48,000, 


Oil-test hole. 


Cie 


C4, 


C4. 


C4; T = 48, 000. 


T = 31,000. 
T = 49, 000. 
(Cera 


oS 


Well number 


eee ee ee 


eee ee ee 


core eee 


eee reese 


Cie eee > « 


eee core 


eee eeee 


eee eeee 


eee reas 


eee cere 


eco eee 


1951 


1951 


1951 


1951 


1957 


1957 


1951 


ey 


1951 


1951 


1960 


1963 


1950 


1951 


1951 


1952 


1952 


1952 


1952 


550 


725 


601 


600 


855 


587 


420 


600 


700 


602 


1,570 


596 


814 


600 


"$15 


5990 


700 


575 


Table 2.--Records of selected wells, Avra and Altar Valleys, Pima County, Ariz. —-Continued 


Casing 
diameter 
(inches) 


20 


Cy 


20 


20 


16 


20 


20 


see ese oee 


20 


20 


18 


18-12 


20 


20 


20 


20 


20 


20 


20 


Perforated 
interval 
(feet below 
land surface) 


260-535 


222-601 


250-592 


555-802 


237-587 


207-415 


285-496 


250-507 


OH 522-600 


300-685 


270-600 


600-1, 490 


290-586 


285-805 


285-567 


OH 582-600 
200-475 
OH 494-515 
300-580 


255-650 


247-564 


Land- 
surface 
altitude 

(feet above 
mean sea 
level) 


2,074L 


2,055 L 


2,090L 


2,091L 


2,090L 


2,084L 


2,100 


2,096L 


2,105 


2,119L 


2, 130 


2,125 


2,143 L 


2,144L 


2,143L 


2,148 L 


2,169 L 


Dayne, 


2,165L 


252. 
329. 


eee 


Depth below 
land surface 
(feet) 


1 1/52 
5 1/65 
4 2/53 
7 1/65 
0 1/52 
8 1/65 
2 1/52 

R 2/57 
) 1/58 
4 1/65 
5 /52 
2 1/65 

R 11/62 
8 1/52 
6 1/65 

R 6/51 
6 /51 
7 1/65 
0) 12/59 
4 1/65 
1 /50 
7 1/65 
6 /51 
8 12/59 
2 1/52 
if 1/65 
2 1/52 
3 1/65 
4 1/52 
fl 1/65 
7 3/52 
6 1/65 
5 1/52 
9 1/65 


Specific 

capacity 

Date (gallons 
Yield Drawdown | eagured| per minute 
(gpm) (feet) (mo/yr) | Per foot of 
drawdown) 


D2 OO RR I aaoetone mesvorcce-| a veueiese teste uni ere yenmrsvare eter ters 
BOM iH svareveievepect,e By EY ee al nel ointern a ei 
6200 elise ereteve seeens 8/60 

Tp DA OU eee ares « LG MSDE a bs chenrerotcholene ba 

WOG.On a ercte exedeet ae 6/64 

TeP8 Dy alice ce cree 6/51~ sieus aroma ce 

M4 20) ile eyatenterctcears 6/64 

1,800R 30 6/57 60 

1 e1K3 Oi || mra ere erates 6/63 

2,500R 75 10/51 33 

LS ALON OS cecavereeers T/G2e bil haste crecercens 

PBA0s |e everieterns 6/64 

3,000R 80 5/52 38 

Be 5 OO |eueteretece ss eaten race cealetiereue’| tune oererene tenets 

120) Norstar eseererars 6/64 

DMTO OUR |= so ances ere PARSU” ll ce Seton aes 

1, SAOme Nein cerns Gf SUE || eeets.c aceon eWtastere 

1 O60 We enidwens 6/64 

TE AOO a llsvapeicterstoreycts Tif Oem |earsvcvakeres paver 

TOG OP ame eeee aes 6/64 

DB OOM Neirererercsenerare BY LEONI cee oo ia 

15590" chon weewerss 3 S/COR tsar es wie ees 

1,840. | Soave 6/64 

2,500R 45 3/52 56 

2,500R 50 2/52 50 


Remarks 


C4. 


C4; T = 102,000. 


T = 56, 000. 


C4. 


T= 6:9,000: 


C4. 


4 
i 


= 95, 000. 


4g 
! 


= 85, 000. 


eG 


vG 


Table 2,--Records of selected wells, Avra and Altar Valleys, Pima County, Ariz, —-Continued 
Land- : Specific 
Water level Pum data 
Dat Genin Perforated surface rae, pe capacity | 
G sere interval altitude (gallons 
Depth below Date . Date ga R 4 
ear eral yee eeean Ceeree on (feet above | land surface | measured Yield | Drawdown | easured| per minute ora Ie 
year ene land surface) mean sea (feet) (mo/yr) (gpm) (feet) (mo/yr) | per foot of 
level) drawdown) 
(D-13-10)25acd ....... 1951 20 300-645 2,180L 20302 1/52 2,800R 31 1/59 90 T = 153,000. 
1958 16 652-1, 047 338. 3 1/65 U3. S0m sere eee 6/64 
25DdC meer 1958 20 350-1, 017 2,175 309,7 12/59 2,500R 35 1/59 71 1p GP SIP OOO. 
OH 1, 028-1, 090 L640 alee ee 7/62 
25dcc ne 1950 20 200-600 2,190L 252 R 10/50 2,800R 26 10/50 108 C4; T = 184,000, 
OH 600-685 324, 2 12/59 LOO Me aeons ons 6 6/64 
ARES a coont 1951 20 310-685 2,192L 270.7 1/52 ASO OUR a aaevarc ssn ctatansian | bene eee e | Stee eee ee eee 
364, 3 1/65 TSO OR serene eee 6/64 
26dcdiner rs 1953 20 319-695 2, 188 288. 9 2/54 2,500R 25 3/53 100 T = 170, 000, 
(DES i DA caduvn yc [ler ene 6 OH 335-354 2,169L 329, 3 1/65 50R 7 12/53 7 
SUNN GESE eye or eeaeie MEISE HS LAU ried | acts teat aiasa | (aren ok ae 2,394L 267. 6 TTA Ge Re | & A Siete eae Gaal le aie en en Mcdn ei om Ga 
288. 3 1/65 
Gdcasenr ae 1956 8 397-500 2, 290L 380 R TZ /S OT Vices Aart art Scion: |e eta S ale De ae ie 
421.5 1/65 
HCl xs oo ono AGES lle aimeciot a Ot tac eas <1] | pi mie munis, cre tea 5, TOD IE, 234.6 LADS tale sso eiee ects SS a ee panera: en aI aie C4, 
313805 1/65 
30CCCHa cae 1952 20 200-600 2,186 L 262. 3 1/53 2,400R 21 5/52 114 T = 194, 000. 
OH 600-682 340.5 1/65 LOO ae itert ara 6/64 
BOSS oa bauer 1952 20 234-736 2D; PABIL 276, 2 3/53 25:4 OOLR yl terayerstae ore c8| cae Career oe cae eee 1 
348, 6 1/65 DSS OMNE [epee eee Assen G 6/63 
sicddisn. an 1951 20 270-705 POM SIE, 343, 8 1/65 25100 Se | See acca acon G/ GA me |e ae renee 
S2daaran.n tw EF Ue meni 40.0). Hahei scenes alae acl dies bees OB Mb, 316.7 aM EL Srl te Bracke pret hee cen hoist ee 
354.0 1/65 
SECdd ence 1964 6 400-560 2, 350 441 R TAS NM et near atti hee ome hee ts Op ee: C4, 
462, 2 1/65 
(D-14-10)23dca ....... 1950 Bae Meehan etree nc eee 2, SOS Ie, 334, 8 9/52 NEU icioenncecnernl tea caw duce lowe we maacuce C4. 
363. 6 1/65 
ZO CARE re ete etiesece ce SO ieee ert dae een 7, SAIL 308. 3 AL AQe roe remeree | een cru ete er et Bel exons aon C3, 4, 
326.7 1/65 
(Deas SIN) 2ccc er 1958 6 453-565 2,418 L 463 R 3/5 On Eee oo) [iscairs o'giesarseto'| apazateccceete aie\| apie eee C4, 
OH 568-582 487.4 1/65 
ACAD ieee, 1952 16 200-561 2261s 294, 4 3/53 1325 OM re srcetter rae 1/09.” lan aes ea 
OH 561-581 349.4 1/65 US SOS Ns ee pea c 6/64 
Riots) esau 1951 20 300-566 2,235L 278, 2 3/53 LS ORME | erent CH AS teat aera yer ke 
OH 576-616 333. 8 1/65 
CCcdiee ne 1952 20 280-635 Qe stele 274.0 1/52 2,100R 46 y/o 46 T = 78, 000. 
345.0 1/65 153.9 OME Leese ae 6/64 


Table 2.--Records of selected wells, Avra and Altar Valleys, Pima County, Ariz. ——Continued 


Ee im 
Land- 
Dace Depth Casing Perforated surface 
of interval altitude Depth below 
XAG OREN See well sey. (feet below (feet above | land surface 
Bh ds (feet) ce land surface) mean sea (feet) 
level) 
(D=14-11)6dee ........ 1952 700 20 240-641 2, 200 Ls 
OH 641-700 
DAA vrais eievs 1951 700 20 300-700 2,242L 
SCCM cieieteeLs 1951 590 20 300-580 Pa Pavey 
CLC 5 Bias cecneep 1941 325 OE th ara om oOo TAA OOD 2A, PAS BY NG 
13 CE Cara operate? sll oud aussecem oretelse 604 SOP if eencres capone stays vele ox 2, 390 
USAC rerensretens 1955 AS Ome Raanoterey tebe ecko tease caster tcuers ohare 2,457L 
LO babes cr 1956 Ce ee cectescarto oes 276-391 2, 286 L 
LAA eee Ns eal ray Mey rer eetis tome | serecie nr MR eN eT enaa A otabron bse eic oy lh exere ale eiredis eave elie io-e Py Bless Gy 
ZEACCHe avers ane 1951 495 20 285-490 ae ahd LS) 
MISCO 6.00806 looeandnsoo4| camo oclocp PRO | Sites 6 AiO Cron o.ch CKO mean rca COS 
29 ddd! tenn vee 1952 542 20 350-527 2,3 20ne 
SSCOC vaieieisiereis 1953 712 20 240-697 Py Brett AG; 
OH 697-712 
SSACGM ere revere 1953 670 20 350-650 2,329 L 289.9 
SAA Face [e erore 1952 Sly 20 285-510 7a BNA 287, 0 
fol Ul UB 3) 
B4DDC 564 se 1951 535 20 280-530 Dipole ks 296, 1 
307.4 
BACCO rewekeraets 1953 , 620 20 350-600 Orage DIS 7 
316, 3 
(Daitaa2)ievibbaemenacae 1934 Wale} Oia WGearsneperoncte seuevene.s 2, 620 Same 
9323 
SACCearstoteelevele 1932 322 Gis. davsr-erettenets ietosate ce venleroxe A OSS dy, P23 
109. 8 
SOAAC wists alee 1929 165 Gi teehee cia.cloite sietetetorers 2,592 95216 
125. 8 


Water level 


eee eco ee ee 


coe coe oe ee 


eee coe ce oe 


eee eee eo ee 


Pe 


Specific 
capacity 
oe Remarks 
Drawdown | easurea| per minute 
(feet) per foot of 
drawdown) 
34 C4; T = 58, 000. 
Pe acacectcaece met eey Lene | | ersees mene Sore ile 
fete Se eran Deine IS aS cree: Seerste ee C3: 
acer aconsboley Sion bie st otaretee oisval travel ste caverens aeaner C4, 
Sonsoanuoclibosaos coms lloooa code nap. C4: 
55 T = 94, 000. 
40 
54 C4; T = 92, 000. 
41 C3) Li; t= 705,000. 
50 1/53 50 C4; T = 85,000. 
Sone rite 6/64 
89 7/52 29 T = 49, 000. 
Ran ran 6/63 
90 6/51 31 C4) T= 53,000: 
Prigareaies 6/64 
50 3/53 49 T = 83,000. 
AGon OOD er 6/64 
Sica oy eels hat ltananatle es straores owl Soro teyer-eone, || svctekedstete meatal C2, 
C4, 


ee CC iC eC eC 


coerce s oer ecelere sorcerers [ose reeererel|ersroeesoereee 


GG 


Table 2, --Records of selected wells, Avra and Altar Valleys, Pima County, Ariz. ——Continued 


9G 


| Land- =] “| ie Specifi | 
Water level Pumping data pecs 
Date Depth Casing Perforated surface capacity 
of interval altitude Demthibel Dat Dat (gallons 
Well number completed diameter epth below Bre F © ; Remarks 
( ee) well inches) (feet below (feet above | and surface | measured see Drawdown | jeasured| per minute 
y (feet) land surface) mean sea (feet) (mo/yr) (gpm) (feet) (mo/yr) per foot of 
level) drawdown) 
t at = ii 
IDARI OPEC a a ame cae fsa saul aoe 640 18-16 240-640 2, 929.1 161.8 2/54 2,600R 50 1/53 52 C3, C4; T = 88,000; gamma-ray and 
169.6 1/65 8/2 Of tei enere ieee 7/62 neutron log, 
SBDOC ce cee ce as 1951 710 16 220-710 2, dal 163. 7 2/54 1,300R 145 4/51 9 C4, 
‘SOON as lneterscre tera 6/64 
SBEDCW sok ee 1952 783 18 240-783 2, 540 155. 6 /53 z 400R 120 9/52 20 CA e384 10.0 0 
196. 2 1/65 LMG in | Pvc ty yen 6/63 

SSODCMerua ee ees. 1952 353 20 OH 302-353 2,901 Ly Sire 3/53 1 JOOR 128 3/52 8 C4, 

1957 616 LIE COR ollee aaah os 7/61 May have been drilled deeper. 

S4daa onc cael: 1959 285 8 190-270 2,535 204, 5 SIS areca Ratna tena Ne «or, Ae ee ee ae 

OH 270-285 
Siaaweye see 1919 350 (Sig Lema rencaene ate eee ee ip, EE 214.2 3 fA OMS a bore sagt eee eel ose ye a Ne ee CS, 
223.5 1/65 
(Dos) Seed sie e ee OS ale 20 240-697 2, 368 L. 281.1 3/53 3,000R 40 iL fs 19 C4; T = 128,000; recorder installed 
324.1 2/65 October 1963; gamma-ray log. 
dad de sm ersten cect: 1953 588 20 330-585 2, 388 L 337.9 1/54 2, 700R 85 WH/SS Se L; T = 54, 000. 
DO, S 1/65 Li 3G ial eae ae 7/62 
L2dGar yoru uis 1942 550 SMM | Warcuete coh. te keane pares 2,416L 362 R CAO Wa lintaeans oktete ra | Maras, cach na oe epee eee a eae C4: 
Se 2a 1/65 
H1f5) 0) 9) 35° gy eee Se 1965 SOOO L A taper r epee rsa iv: ica aries ZA Saeed Wh rnintocyn octal ie hee eee Leere ate ee|e eine epee ey ee ce re. S Test hole for city of Tucson. Static 
water level: 311 feet, testing zone 
below 1, 865 feet; 304 feet, testing 
zone 1, 100-1, 200 feet. 
oll warn pala 1965 ZO 4 Olan eter cen sein nO Bem be 2 ee ho RO at OR era aR ig tes SUE Rey] epee wees ow |e Mal cat Test hole for city of Tucson. Static 
water level: 137 feet, testing zone 
below 1,050 feet; 309 feet, testing 
zone 760-1, 045 feet. 
PROLOG ae Ore 1965 ZEN SIOWM 1 cea neers ela || ie oie eae eee een ir LS tas Mae NS) aeauavelt seth. tis Bee ai eace de UE cee Soe Oat oe MeO Sete, Rit gh gee me eee Test hole for city of Tucson; L. 
SPAS ToL oa cs cr cacao | meee eNOS SOOM Merrxacieeteen |i) Mesaraieesraeeaenare cats 2,631L 430. 3 [SS> Me iaeie tore a all ollrins were ned Ne eae ae 
431. 8 1/65 

(D= IS SOAGISS a sop mocil oaks omer loner nee See Gly Roache eo nme rye 2,658 L 148.0 Le Reo Or otl Rope eee eters Oe eee rag a ere 
147.4 1/65 

Lssd eh cd llama g-Parercveray |, \erere vs; vate ans IMIS) Raceretoneehercace || eta ance etemet te eee 2,665 145.5 DOYAS” Salt so ean yl eee Ihe eee Oe el eee aa: 
142. 8 3/65 

ADD ws owes | recess aes LOL earner eiserd cin) | eMC 8 apt a ee 2,687L VEL. 5 SDI py an stor eh mca caeate nap Wet ater cel Acc C4, 

RBI. 1/65 

ZN CAG reas mente cc. LOAN tits erence | tore ic ee meee 2, 818L ZiOng BS JA hse acme ae cee cee eas 2 arg RRL eho Js 
1957 382 Tel WE ok OMe 270.3 1/65 


Table 2. --Records of selected wells, Avra and Altar Valleys, Pima County, Ariz. ——Continued 


| Lan . 
a Water level Pumping data Specific 


Depth Caring Perforated surface capacity 
of vars interval altitude Depth below Date (gallons 
See oe well Ra (feet below (feet above | jand surface | measured measured | Per minute Spite 
(feet) as land surface) mean sea (feet) (mo/yr) (mo/yr) | Per foot of 
level) | drawdown) 
(D=16-9)'24dac ~....... 240 20 ] SS. odo AEMHe GOe-ame 2, 651 L 147.7 OSS iis cccae wagon cas See ears Ane |e Sea 
151.9 3/65 
A AAC Pepecter Reco ime acr er acgerery 4 Sta eksrerey Staten | eivae.gr alesse Sees ee =o pata ce 2,650 152.9 BOR Sees ater coccease eee ereh al ae er ces eat ee et 
152.7 3/65 
2 OC DC Eten nateRed | Reon r anes ate eG | cWersmatojs\e cick l|' cvstere etenero oa acts a srensveie we zncrecoctve 2, 690 157.4 D/O 4E Bd a ai se crsniee | eternayse ea | ee ee |e eee 
159.1 3/65 
CAEN a i eee ZAIN Fe estcer cise ievelliciausvartroe tee cies oan e 2,725 L 194.0 91/40 OS |Wwaceeeccuess tae | aes stat eee || cr aaa eae eee 
183.5 1/65 
Z8dac 5.5 ssc aan 1,007 ZO in iiceucvovercecnsaetertyanane aeeis vs 2, 838 L 283.1 LOST ol eco hokcstans Weta ace ree Poe eel eee C47. 
283.3 1/65 
CRIGEEN. 6:53 e'o0100'||t obad aaemey | ercotae’n OOF he Polo BAe eens oie Seer noe 2,925L 379.0 eS a EOE asec a Rarer ore Ieee eens | he ee ane ee ee, CA’ 
370.1 1/65 
(D-16-10)4baa ......... 400 20 160-220 2, 540 158.7 10/45 50 T = 85, 000. 
Abadia satacr es AUD) || hala ctiorcec Gl Nees collate oe creo 2,546 L 152.0 BATS. eae eens ofl aetna te reece |e ee 4. 
168. 1 1/65 
EC (Reet AG LSA io cconetvensxe cicill ae ks chessiereleccare oes Zp OLO SB Mine ene cuca ous scores Mlk a otsts wk WRN SRes de eaone PSE Te A | ae eae | eee | Test hole for city of Tucson. Static 
water level: 277 feet, testing zone 
below 1, 200 feet; 220 feet, testing 
zone 975-1, 150 feet; 231 feet, 
testing zone 690-900 feet. L. 
Odd Gira isversyegectes 295 16 175-252 2,572 L 161.7 Bf 58> Sica Bence sill oaths set a sl & ert aan Tener eae 
OH 252-295 167.9 1/65 
HES: 24 cubed} lop doe Gadd | KOBE OC ICRI RSet nel CER eo eee 2,572 L 164.1 AP AG Wn Ss Soll [ache areal, oe Sees ec RSet ee oe 
177.3 1/65 
Sbddinie se teri 232 16 163-220 2,582 L 152. 2 3/530 iesccrcantearna: || Simeke Sersccoeadl ink RE SE Pell ee EN ee 
OH 228-232 156.5 1/65 
Oddy icretes pares Chils | acon AGS od herro oom niccrNsoes 2, 732L 317. 4 RY | eseecaictaes |eectooreaxer ios eo rorte: | Ronee on ei C4. 
311.9 1/65 
LBCCC Hore: stares . 432 DG | acct aevavehat siaveeyonarsteiate 2, 633 L 139.2 BBO: © Bcsetars wa coe, MNEs Wace areca nee Ree ate OR 
1L9cac sees 455 ty Reco Ga OR SoIeaercs 2,645 L 151.2 D/ GO! al can tenon ie payenieee oe Rane ee ee ees ee ee 
155. 8 1/65 
SC Camedia 180 Ba ecreraiwrein sete ian ee 2,652 L 158. 0 CH NS APs Strong Sel yess Mee nee a ce Ais eM ae C4, 
154, 4 1/65 
Z3GC res yrecie 714 Gio l s eisvare oustaretertse Sielehe™ 3, 057 L 647, 2 [CS oA arr 5 crecatare all eae oeaece cal eaten ee cal oa le 
644.3 1/65 
29 ada eercr ned irre re sisted | aera ches Gig | wert ict ccevatad svapznoyans areas 2,835 L 344.6 ISAS, Ul lh 28 Pea at bea Aeron Hee) Ra ae ge Oe 
345.0 1/65 
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Table 2.--Records of selected wells, Avra and Altar Valleys, Pima County, Ariz. ——Continued 


8G 


Land- : Specific 
Water 1 1 Pum data 
Dar Depth Casi Perforated surface poet il pe capacity 
ate aging ; 
of interval altitude Depth below Date (gallons 
diamet ; Remarks 
ee syed wee Gaches): Meee ce (feet above | jand surface | measured Drawdown | jeasured| Per minute 
y (feet) land surface) mean sea (feet) (mo/yr) (mo/yr) per foot of 
level) drawdown) 
| |. 
(D-16-10)30ddd ........ 1960 50 Ole es meptvepecstsalle. xsus Glee shee ace 2, 792 L. 289, 2 OY {os al ames ters aL Geese ee eeAe ae | 5 Meee fy. nl coe eee cates | 
284.8 1/65 
SAbai Due crersveretexsic| wemevesiiae a ee GUCOI all bec ckenewsiratersy <fal |pererensic cvs: oleae eet 3, 096 L 603. 8 NYG SR NN suck ese Sl elehce sees ll estan ae ee | Meee, See 1 
SOCCD renee sis 1940 830 Go oer Beaters teneusrs wassaacasie 3, 252 L 765.0 [BO Pee lesa sce aes rel rater harass oe lle SNES ea ne eer C4. 
763. 8 1/65 
(D=16-11)8eece .....%... 1946 754 6 690-754 2,906 L 690.0 /46 Are ich ad | Cos Onn ace aicl Par cee ese all leewiensse be NemTIR Pea Not shown on map. 
683. 8 1/65 
(DSW Mi sy ate ee 1946 500 DO are Moccia egestas Zuo lele 184.9 yy Aske lL cope reap cert eee | Sh rE | Th oo Me oR nett I 
186.5 1/64 
NCL Gin ease 1960 286 See oe heretic enon eRe 2 Oe 231.4 SU) AS Deaiua |e ctenes ern (aor Race 8 (Ac eee weer ane oa 
227.6 1/65 
ZBENGEY Bo banend 6 [lta Sect oes Sal tee ce eee Inet Sse ame ee 2, 8441. 242.3 [OR is resis Re at LORE aS Se ee ee C4, 
237.6 1/65 
SOAAE come sii s 1943 CAND: 4 Siero Otel MBO Or eae 2, 880 L 252.4 By foe) oa Is Geert ered eer me ans (ae eee At ee C4. 
249.1 1/65 
(DION O Nees G55 oes all someeseee 905 7 735-905 3, 289L 717.6 BS 2i5 0" |Psracte sorect enti ote s 5 ll| cme | eee eer C45 Es 
Toe 1/62 
(D -18-9)2dca......... LS 6 ORD [Mee eerste | apart tes rp perenne ek ae 2,955L 305.3 OY A Gan termi eee Me Is Aaa orcad |e ae eal hatha Se more. 
298. 3 1/65 
HUES. Sa np.5. oo al cotp atime. cached | eke eee es NS aes el | an 2,915L 250. 8 [BUG Oil eecoS cheears-ce eee ea eee C4. 
248.7 1/65 
LDC Cueraseeeare 1959 GL OS errere erie c aeetene sistas Siowierery 2,932L 251.4 A / GOR 2 aceeentoresoty heretics arated eee emanate er | Peete ese ge 
255.9 1/65 
S0adal eines 1936 425 SWS lace cesecherseevaetere ane 35 LEO 391.5 YASUE estes eerste | Nase Seaecy corn | aes egies © Opa ee A Ae 
391.8 1/62 
HILT SG) URISE EF eed [ene Sen Recent (ee (a 3, 392 L 544, 7 aap ails Gee Fo. Rea e aoe | Oe eee fee ae eee C4, 
545.5 1/65 
(DES) rsa cb mrvyrrarta stilt cn eee ic SHE: It etson anette ee cinaes Cer Re Res 3,055L 332.0 [S89 Nrerker teas eae mod SE Pee ee eee C4, 
328. 8 1/65 
LBP: En Oa chess es | (ROR ane OMe vars areca stele Bere recreate oes 3,101 L 339. 9 |S aa ee rear eed ere aes me eared peas Are en C4. 
330.5 1/65 
(Di=-20)19) ttabawases. 0 [ae SSOLS |. rete eeeresreraeyeliy im cick ry coe etre cc 3, 254L 277.6 1 RID eres sont Bote Pen ell) utente ee (ete ee ka Em 
272.4 1/62 
(D-21-8)16adb........ 1956 SDS p> iitaccecereratrel & etcane aeereerenets ae Sp HOMIE 400.0 ct AY iad SOSA MRED (Asn Sete Pee (oe ORME ere rs oe 
395. 5 3/65 
PATE ECR ert Pcie Ore PIU rere etor natalie necks eco eas 3,465 L. 317.5 (fs Ween) erie tach AN Ween Te gl OC oh ie ee ee C4, 
ie “| 4 BT, & 3/65 


Table 3, --Selected drillers' logs of wells in Avra and Altar Valleys, Pima County, Ariz. 


Depth 
(feet) 
(D-11-10)12add 
SanidamockwanGuDOULGS RS siayajeiale) sire) «Hertel oneitel ela eVeverlalae!e/ olieils)io! ais 40 40 
STO TSR VI@ LN eiiai(c) wife eyelet nies 0) abie) aliot>: (ol sive! el slls\r'o/eteycel oh s\io) eal sis azeiel e)/e 36 76 
Fine gravel with some clay........cccescccsreeresees 31 107 
Coarse sandiand pea, Sravel) (ic ciacw o sreeres olen ois ei vie isle 30 yy 
Medium to coarse sand and pea gravel with clay....... 61 198 
Coarse sand and pea gravel with clay........c+.++se+. 29 227 
Medium to coarse sand and pea gravel withclay....... 31 258 
Medium to coarse sand with clay and some gravel ..... 10 268 
Wiedium~ tovcoarse Sand with Clay... 260.60 oe wciecle cea ae 79 347 
eimesvOrcoarse Sand With: ClAY yas ces oie ale « spel ole cree sherevas 31 378 
Glay with coarse sand ... 5. c cent ee eee eevee rens 30 408 
Gilkasy Eyal SENOS a ono cocoon Opie dg a CInIa Olomomyoid eecycNoIo Oacko 60 468 
Clary ANG) DOULA] Ss oa 5) 2 050) a einer a cichel sia e (ele nie: «) aha) = si ele els wes 4 472 
Saiacl welder itinake lee p56 a oe cals od doco ome ooo mmono oe 31 503 
Nicdiuan to COansge Sand woce 6 cele ee wees ois ves eins see aisle 17 520 
Medium to coarse sand with little clay..............45- 13 533 
MMeGiiumErOLCOarSe SANG! 6 nics asicle eis vss clale salvia 12 545 
HEMeMPORC OAT SENSANG feje rile a cile 2's) 6) leis spice oie) sein ol atel essa, » 35 580 
NEGCIUITRETONCOSTSEN GANG, srr eo o.0 4 60101») «161 silni's |» owas,» sile)e! 4 15 595 
Glanvgandsand streaks 3 cassie » ie) <)s)eim 2arl «sie wisisieteiene © 91 686 
Clay with medium to coarse sand ............+seseeee 14 700 
Hine torcoarse sand with clay. i... 6. ecw sede nn mane 17 717 
Hine to medium sand with clay...........ccceesessees 30 747 
(Glany yeu REC obo ude dco ob goo Soren OMeO a pio omicioiCC 31 778 
Clay with fine to medium Sand .........eeecseeeesenes 22 800 
“ROMAN, TDIDIE MB SES 5G ce ercdto plore old Ol Oe cncIOIOIS Digiel otro cnt os OlcachD 800 
(D-11-10)27dab 

Moprsoil——vValley fill. 0 veces a cee cece cue ae 44 44 
ALIGRATACM A AVIEL. tous na oy cysia tee oislialial oy a¥aiin elect ot ete elletiana als) siiatiaice tells 106 150 
DAM yrClay ANG SIL 5 5 ee asics wile sia viele siete s) ee ieleleiece 4 Wis e\'« 106 256 
Sandyscraviel——Water occ ccc ae ese cre veo e sneewsins 141 aly 
Sync! eitel eral ’s Bios eithow)S olnicicio Capen Orn CinmnaDIoEe ced ICO Oicye 13 410 
SAMA CHA Y Paarie ene! sie) isi ane) eirege: elleilel ovaVat wie) ) 6 (@ wlio) ale’) ot ee) eyme) o\ eh 47/0 = 10 420 
Sariohy CAM aga ol 00d Go oe Copco” DUO Dorm O Golo Goro Ono 30 450 
BSW py CLA Vis Yoile \e) s'fe! 2" (0116).6) 01/010 <a/e\ s\/eire) ee\ieiio\ @ lalla) exist eile) w\'elle) in) e ieheltes «ie 40 490 
PE AeanKG CLUES UIA CLY LTA N © ta tayo ot fe ioh ohial'os oto atcoi al ielish whieicelieviehie} a\'o abla ralal ella) ale « 20 510 
GimanGly7 CHENG S omac om oo oO oon a Oro OO bio a eiorn com inna 10 520 
Hhiiraie ora; CL ly: Cais ira corso tite telro1 0) wiyalseh she) wel iole(e) o.1alseliotlah elle a ielle) ae el 30 550 
SeinGhy Wane 3 5 aie gona ce nro ocolnomiie Oto 5 Cid Gino tice iG. Ono 50 600 
(Chlesy Gel Senel ponpodub one bu ome So ubDmO mon oop eter 50 650 
REVIT MCU CLV AMM Merre Aatarto\se sls oierereneepaterrs inten te rene lcile @ ieleifeteyislletetewer 30 680 
Reddish Sandy Clay a). ec ac « feleiere) sieves alsileiei@ iis wee sa) ea « @) 40 720 
CHAS? 0 c.0.0 é-ceGhGld 6 0.00 0 COLIC Seb sniG ie piso OIDIG OIC CAC. .o. PIG olnOlr ag 40 760 
In@el Gekevehie CENA amon co Sido UB uorceaioolG a a oa.c im cieomro oj 60 820 
awiaChy gS al hoyenac ciel! 5) ofiare/ et stietielleile) etielevs1(ey.e) +) 6) Via wialloneueils) ei enielicciee 10 830 
Shenchy GIES, aa basa dinioood ooo ooo Durum Some Onc oon aa bo 10 840 
TBS Gehave hie OIEN We gio ogo 0/0 cholo Ob ola Uinicly clon OC gIOrOIONDIGnEO 50 890 
ONO US ATIC CLAY faites oie aie) wo) © slice) | ovlelialie) ilo le: ‘sMslie)initeyraliaiis! se e\(6) #1 aver 60 950 
Reddish-hne Sandy clay. avs aera esta <lslei) 4 + «wiv ics elie ale 100 1, 050 
Water sand (may be second water table) .............4. 10 1, 060 
EVEL uG Cy amewetions fe enoMe)rel lle (oslo) cette aires isiravsbe re lielirile\'s tricttovsayalse teltalNal eho [ollertatcaye 10 1, 070 
Weg ssi gC aca pigeeed alee eect CO OPO. CRTC Dare Iter oo ORDNORCRT EC CAEONCRD 10 1, 080 
lichtreolored Sand ye Clays ois sie ae wie aileisies\ ele oe a) | vlersies 10 1, 090 
CORIFIG WEIS KENTON aaa n ooo oo Oo DO OUD OOD oon oo memo O OlG 20 1 NO) 
IL COME CIMCIENT cg cmou oem Uma On to mn Go Domo om ancora 20 1, 130 
(SOAS Suwa vee Sanday cunvare lolol step eolens tenellleuelalaila/eistie che the ceitexeuols 30 1, 160 
ivehtreolored sandy Clary. v4). cites ci) e 0 oe ws 01 910 oie eel) 10 170 
(SOAPS SuWaAtereSanidua, lod vewrsuevsnsdans caters isis mereka ave asohensbatenen ce 250 1, 420 
MA shticolorediSandy, Clay arenys sielea)s eeleele eevelsiae > else 80 1, 500 
Winglnecl eehaally etal 755455 b550beboo evo dooomdnoooune 20 1, 520 
Washed gravel, sandy . 2... .i.. 55s eset es ee ees sees is 10 1, 530 
Warkic Oars eDGOW MIS ANG, l1TC ri avaie eeltelalsiels leas! erc)er siete! stele 20 1, 550 
Hames lash ticolomed iSand try mi ereierste) siehele alee) els ls el'e)(6 «1a10) «ies << 10 1, 560 
Wamicic OAs casa Girnwam pve ire oie areeteter eas hielo! os) s/19) eles ateeliene 40 1, 600 
NSO isl SENOOhY MONKS oo Gana aoond Mono Anon ocoObonp Aen oS 20 1, 620 
Sheullees Mow Cala un Omer wrasteretaauateteds siteNortara) e f0)'- s/o stele lo ):0)(0 15 1, 635 
Spinchy ines; Exo Sees ooanan doo ow abo mo oo Ode ooo OC 15 1, 650 
Sandyalimme sn Spek sy Of ii Camry. yralelola/aJeieiateenaleusie is eraselie« 8 1, 658 
EVeonvidal efeusXel,. folevsill ehorsl Ibbsih7. bn bo. coda amo Moe noo ano co 124 1, 782 
Gementedisand streaks: of limelnynis ioe acim alee « 78 1, 860 
Sandy lime showing specks of pyrite..............065 80 1, 940 
Sac mlicmMenwet es OTN Eu Sale wma maryasyaretaitelalerensi cise) ciel (ol site'sltals 90 2, 030 
Teevicel| Ghaulllioyer, sabe ENC) 4c a0 dob ooa non bo loo cone nnn 30 2, 060 
IME Cievetel Slotonybave Ibe kaos Us AOA RAO AOC Oooo oe 15 2,075 
Huneusand yvaswlurs howling lim elrssepveayarsre\leleletejietae1 stelle!) « 310 2, 385 
Harcdits andkanduneaivava Clay, wtaiecaisitel cteieielfelinve leiare sie sale) 5) eh 45 2, 430 
Hardesandawithushmeaicston clay went mia cess cciale ele sie ocane 155 2,585 


Thick- 
ness Poe 
(feet) 82) 
(D- 11-10)27dab——Continued 

Sand ganaueravel siegacictuenstoleinrekoleueensrersmelesnovsdal el =) skeyeueul js) 25 2,610 
SandeanGustreaks TOLssSNale wei meieisleie eielalel evel eeatensusyoieutiensioys 70 2, 680 
Sandy with streaks of shale .......,ee.seseneeevenee 35 2, 019 
1B wave IGN aV0 haha ah od BIO DOD SC OTOIR DED Oe Oe Cia oso 50 2, 765 
Hard sand——trace Of LIVE i cis ao: wvelle) usc nivi sis op erste nc stishane 30 2, 795 
Edeurs laine eee totale tesreel eaiteatortel of sbak show aneakeveys ois ceuevsy Levan ei oieden=ueils 35 2, 830 
ee Wrolicenepe ibn WA oponuadotodaducaduaduoooauooo dds 68 2, 898 
HEE ise WA EWC sain vooe ob Adoo Apdo ono oD Ont od Uo OOK 69 2, 967 
Red rock—very hard (top of red beds 2,967) ........ 43 3,010 
RCH Sate alent usec sanie Riss eran sce as Slide dey oho ena aii Sin etre ten sce 122 ei 1) 
(CKopsihevemabel settellecrliPan a pag eoGocd ODO oUpNenas od oo coum oo 16 3, 148 
IRol PACE Vania dou 6 Gace codon ooo coe UES ode Hod oommn oe 64 3,212 
ANG W NE OP OMY st tae oa ones Uomo Condo onmeacmmn ud Gor 3, 212 

(D-11-11)7ddd 
BLL O Fos SOULE eilosiai one Metlatipisiter gn seWrayfeires/aMere taliorors elie) allel a) «ll (ole) a's) aus follei (ov 15 15 
ELA Gy aM esrstet arated operat enter olka) nts lellal isl ie!Tolledie eile lellaielisike (s!\alioire\ «1.0 lalce\fe 15 30 
Sigel tag aan naan Geeta soe a thoy ONS Ionic inp cnn oes By Aoscecin 15 45 
Sanduatid sy oOullGers wee ae emeneme oleve te teks relents talsceiies Viet wire eyes) = 34 79 
Conglomerate with boulders and pea gravel.......... 31 110 
JES fea OIL ik tae G tun dp Onno Gb olsieho G ceo co oir ao G00 Ooo 30 140 
Pea gravel with coarse sand and clay .............+. 31 ECA 
Clay with coarse sand and gravel ...........-.+.++: 39 210 
Clay with medium to coarse sand ........+..s+eeeees 21 231 
Clay and gravel with medium sand ................:. 9 240 
Clay and conglomerate .. 50.022 c scene ences nenesene 23 263 
Clay iandic Oars Cu Samad ie er vivtel sie a eee eas nelle) ©) = ia] c)e) se) 55 318 
Clay with medium to coarse sand .........+0+sseeeee 12 330 
Clay with fine to medium sand............see+eseeee 22 352 
Clay with medium to coarse sand .............++04-- 31 383 
Clay with medium to coarse sand ............++++.++- 30 413 
SE ole OMEREA A 5 oon a cho me Gore nino cin Dina cam aiG.e SOc oO oo 6 30 443 
Coarse sand with clay and pea gravel .............-+ 64 507 
CGoars er SanGweat ape laya eras aire voles cues 616 olcm o/le/'e) eile lauiestone lel ie a)ln lea 53 560 
Qiely SwAthis ANG Siena raps telrevratier(s) c) sh <1a\'e |=) s)2) ede lohe) 2) 6) 9) Malle! fa\ratls)ieliahak= 80 640 
Shue Walivicles7 onc oaqcnubancednde ono aemoommedcook nde 10 650 
Medium sand with clay, cc cn.ceessendrerusev ede sca 20 670 
Sandwich vieriya WewLe: CLA Vs ce reiettciiel oercelens| aie) otelisife erates isilelerauole 10 680 
CONN Copel DDN EM SIG be y acim cue ito Mpodrernislons oy oc blo 680 

(D-11-11)22dde 
SS Oi crete ated sre rete rccilestahedenelis) ilenfo. eifeiis),svoususnialeisysvavautepacelans 6 6 
IEOOSETS ANG and (Ora Sl esi sde\selselieliailalls felsere tele (es)/al Kelelis)sa//9i(0! aire 42 48 
Large boulders and gravel, loose..........+.++se05: 142 190 
INGCLCIEN? Ao ooo a oUcotudn oO ommieae oO UO Geo sob o Omid ont 20 210 
Moose boulders ana ioravie lie aieeallelalsierale lee! elle! cvelelie) * o/ahie« 25 235 
Loose sand—gravel—some clay ............+-+e0- 35 270 
Sand and gravel—water at 270 feet...........+.+44- 15 285 
Clay—very little gravel ........2. ese erence ee eenes 35 320 
WemenvEdisraviels Ayia arctn oitaie)otebe wie/lalleils te [allshis (eis ts) eihe)/sioiial jie te 30 350 
YEOIMOY SION ST EINE | 5 6.5.1, co GIRDIOG OD DO neo 00 a clio an arom 70 420 
Yellow clay—sand and gravel ...........+.22--eeee 55 475 
Sticky: yellow clay (i... see siece oe cies mein se mele see non 10 485 
GEME|Nt SA ROA Sly ciavaves) aialter tee) elleliate tal eels fo (6 loileiis vo1/alt=i 81 =\raifauns 18 503 
| tora IDPHSONSE Fs Gow, crc.0.c) 0 Oi od Ors 0/0 Om Gavan nin UMrOaeROD 503 

(D-12-10)4ddd 
Sul Meera eh eet cuetetterelals, toh elo oles shiv eel ebepaam dees (eUsile ens ofa al cite 5 5 
Gallic hie dnters ware cieus Woleiuelein ane siausie sys ierel oie) saetie iow Aral avaellsi s\si'0 35 40 
oes GIN, vo Gonads On CUO OOM im GUO NOE OOS ODO soe 5 45 
WpQorelshie PARKES Gann oot ooo ao OGM OD CUE Oo rn a ab Doon ocr 75 120 
Conglomeravem a we iees te tekelerdeie rele elaienevercloratelelelsisiensaeis 34 154 
Shiai Gwrperaayereisieveterelre ebewe iat ocak deusiencysns nr reneils a) aura nie s-/0),0/"9)rel = 28 182 
Gleansenayeleandawatermmeca ainsi aiecieiel 1 +1601 40 222 
SENNCKY EEUU. GoacaonnacvocucodocoMmon4s Means Re sisuctsronelre 11 233 
@oarsengravielsand i waLermwyreeuayvereisleleriolsieuele aioli elie 5 238 
Shale eer rr eee eect eran sose wrens ore awonsiaeces $45 12 250 
Gillean eraveleancawateruce tales ottclere lier cusps 6 256 
Shalcunnraniaverkertetatceciemrencusetotaneleleleloleiaietencetenenetaiee avers 32 288 
Gravelands watercmwacs ities etre vereiofiaers sre « 40 328 

Laminations of cemented sand and loose sand and 

Wall Ors gene sweet al acti seleuaruer esters) satamey aliayelrerls/ ola ca Vs Lous G's 13 341 


ae) 


60 


Table 3, --Selected drillers' logs of wells in Avra and Altar Valleys, Pima County, Ariz. —Continued 


(D-12-10)4ddd——Continued 

SHALOW. tener eve ars ay cial crate takes areecterete fate seared TA neds fino ee: 
Gravelandtwat eripuciy.: aife caterers dawherernat tino to eee 9 357 
Ef I eao-) OOS ORSOR ORE ACIS OO PAE GUO a AS bc A neat be 15 372 
Haxrdiconglomerat Chace tts xcereowe rete emcee ne 13 385 
Gravielandrwatersaa ai ianuccrweeeroiiore. «sears lenoo aorta eee 2 387 
Conglomienaten Tran Uksaeratepocre seit rh een iecaucset ners 31 418 
Gleam) gravelvandywat ere cae cies che catenin rorarate, 0. teherenerecsk tees 4 422 
Har duconglomenat emp geparyt-Feit  kraen oie) entice 3 425 
Deepening 
igh COnsOMEerateye Te dcr. s.Ash sotere iy conitel ceva Likes 22 447 
Clean\coarse: gravelvandiwatera. 1a asce-e nie lee 11 458 
ight Conplomeraterac ads sanction eee rae sisson ee: 11 469 
Clean graveljandgwater fysscic uk cc cee Oi ee ots ote. 6 475 
STICKY (allay ik Meetpee eters tor ote sinc ercPsaacneestet Nee rE 252 We 
Clean spraveliandswater iy marae stmt cr neck Ren ae ee 4 731 
Conplomerat ect c arcnpicrs ae teem our tek aed lose cle tee 9 740 
Cleanjcoanse grav.elsandi water. ..: scsi eee 18 758 
dightyconglomerates ad eae tunes ase lame ee 73 831 
PNOSW WES INIA E SET FA Oe ef Aatkne ce ine mee Pm, Wena nner ye | 831 

(D-12-10)23acd 
SOUL ie cose foster 5 Gt chee. Hedy sikh ecalhornn Stee Ne ee 4 4 
CRIA CNERTA aetexthegaeeeiehale tua a ep ee ctecnce  a ER ea 4 8 
SSL |. Passe rope lanen tata otc oy vaetac Ueavch cae Sey Satie a ee a 2 10 
Cementedigravels ‘amis <secjsge sie aioe one ne ee Mt 17 
SEU CHEE RR ii eeocpa tae iny bia oe ee eee ee Tui 28 
Dey, BANG Nac. 2 ucesensl soos shoe Moa Lee IT ee a 82 110 
Roeclky Shales. (isan cus gees se eva eee oe eee 87 197 
Gravel and Water) vores a onin ain eiceienel wee cr ee ee a 13 210 
one NGS 0 7. MA Sica CURL, cd oft sr aces cance ea ea ie A 5 215 
Clean gravell.and water is 60 40 aie ee ee 15 230 
SL ALAR sas KONO 0 ROA OCIA CR OR EL eae uc 35 265 
Muddy: gravelrand, waters a .11sse ee eee ene ee 20 285 
eee eas See Poh Men ee en aR Meee ELIE NERY 10 295 
Clean coarse praviel and water. ),lass tes ase eee 10 305 
MINAS: \ Pvorpetay a ener Meant ae Neeh ay oe eo pare ea te ee OD 20 325 
Hine, sandvandswaters ay acess eer wear te ei ai) ee 15 340 
5) 1B APEC ArirerantN CHOVAI ny tv Arma Orin aos AU MES RERUN ME Ot OR 40 380 
Clean tine isandiandswater sun eye nee an tees 10 390 
ELON: Ee tActn @aelen Rye orale MeO Cin mete MRS ah 2) a CN 97 487 
Clean coarse praveliand water a. een ee 5 492 
Hardy sandstoneyreyauts aun aide ters tin went care eee en 12 504 
EO TRANG, DIEPADET cm ice. ante eatin Rae pee hea ee 504 

ae oer 

(D-12-11)7edd 
SOULS fac wre ache t ade ty a aN pe eta S a, At cs ae ae 3 3 
FROG Clay TMNT ad Wet bt vars ea reienss Gon ale duo a aT ae eee 67 70 
Clary Om ane lh sata taiegar he tenses het isis: 3.9 MAT tp ae 20 90 
Dry Pay Cle Lh cat titan tw sect y aun cra Res eke aE 25 115 
Ed Clana tanta tas nov tee esa neon Le Se a eae ONE 7 122 
Clay, (Aer ay eluates shai aerate ajeels Wiehe ee orl oe ee 83 205 
Cemented gravel, some water (perched) .............. 31 236 
WOLLOWNC Lave EIRRIR Iain ciety sarah ane seh AT OER Ao 29 265 
Muddy) crave AWat Clara ics: amte Aten on ain eet AL 20 285 
Hand conplomerat ete, stats tea fine jreite ee 35 320 
Clean gravel Wwat ete nn fn nichs tana cton een NN ay 1% Si 
EAE pated MACE 3 Sniceon coho tcte te nme REI eer aE I eae 38 375 
Clean Brave! @Wale tym faccis hci oem Nae eee 15 390 
[sled eal ae bats her isl Ah i nee, Ait eeiomin AIA oe ee veces 30 420 
Clean 2uaviels Water ia vedi send. aa ane ee eae. if 427 
ep Tol ele 2 KcickcncgtrO o Abies Man tip a1 TORS RO eee 13 440 
Hight iconglomenaten. i: aun caear sete one cee 20 460 
Cleanisand, Water tem an asecmths tea taeiane his oi ne 26 486 
Clay, Cerave myasthenia a sve 15% S80 cis bee ata len aes oo cts 59 545 
Clean gravely qwatelrccnG iitrs ten Wass eee thie tee oe oe 17 562 
Pishiconplomenate hor mascies pio vase pats nae ee eee 44 606 
AQUA ID EE IEG 4s Srtateccr evan arama Vee cares vie ese a Ss 606 

Veo Fe ake 

(D-12-11)20dda 
AR LCCC cy Ae Ta AE ee eo 22 22 
Poul Wall Breaks ONCIY. so. chr. oeels. coc eskn tte. 159 181 
Cis y isin trcakerateravel fon. ive lei eteculs ae 136 317 


Thick- 
ness 
(feet) 


Depth 


(D- 12-11)20dda——Continued 


D-O,070 3 LOD CG. CORD Chr ATO CRO CSO Gia era COE OI Ge eR IO AIC 339 
Clay withtstmeaksvofigravelss man tee eine 383 
Sand and boulders with streaks of CORY ahisonsvesoutereuer eats 406 
Clayawithhstheaks of Sandys aoe ete eee 451 
Sand and boulders with streaks of clay .............. 516 
pandiandspoulders meres saslerses actor Cie een ee 22 538 
ES Ba cichcie cochenn io Gg ae ORO ERLE PI On he cane ee 18 556 


SHO! CO's) 19 wf alia neta’ Cae \p ehip. te sie) ane va sa) ot allwirener sateen 


SG eke ile! pia. )6) 4116) Sze) ay be 626) 16: Sr elm be, 6 6, Spiel mis: whnierelet el aus 


CUP Aey COS Oye Ler wi 6) 9) eh leila ’6),.0)(9/0n.01\6.\1 8,10) 010/08 alleen inte lel etelce 


GRAVE ME erator ads sitar WPI AS) ReetS oe ee ee 4 60 
Clayiandr grav ell yoy anes wie aun catch sale aden mee 33 93 
GUAVEN Vaca spatter Aen ceed Sapa trict costae eae Disc ore 5 98 
CTAY od Savene fain sbenerotar a eter evar tots oceans ee eee aes 24 122 
Clay and (gravely sina scr aoa aon ow eee 43 165 
Gray elitr caern dott aera iin tretinoin ee 7 172 
Clay andsp ray ele ieta Wa ste dants, oc dey erie Stee 8 22 194 
Clay eiaetaet iartek teens Gear arse eo hoo pe ee 63 257 
Gray el somnches) set Wien ty arsine ie ce 5 262 
SHED EE RI RAEN O SHIAS Ol Eatin cana Pe ARE meine: hereees Laces 2 264 
Gravelolinehimance atecoe cis eae eae eee eee apne ae oe 4 268 
Cay Rane hover cass Pt a tiancl a S.h amie Rie At ce 2 Se 4 272 
Gravelly abi neh Rey ans eta ite ot ee ote ee 14 286 
SEW ae Pde camo cra cal biog mealn Sia Micke Reinier eh ie 2 288 
Gravel, ©4nchesiy rot acl eoae kieran caste oe 8 296 
Le ARI Ol0 cROI Firs 12 TAG ORIG MORE aM era NE ue 10 306 
Graviel ZeMmCh es ee cram aie ieee ar ae ae nn 2 308 
CN AEA OAM enced OG ae Te aes bese ahs ul 8 316 
Gravel. 4sinche sient sate eper tg. ence ae 20 336 
CHEN Acs rel CRMC AEE Ot ey AT PE eee Abe ence ee, 18 354 
Gravel) SZ inches Pees .edt aaevach archaea ene 2 356 
CLAY, oy Meese ah bel treed nA Peeyn ae ieee en ea ee 34 390 
Gray elyuauinc hes sks jaune. suave aie fet) enn Pema 6 396 
Clay andisand stoner mere sane ie oe eee ee ae 4 400 
Gravel, 4 inches, with streaks of cemented sand 

SNC layer io. shersialaGed wasehe as OL Sa ee ee 110 510 
LOIN BE Os Re COR Ae EER HE ote ack, 14 524 
Gravel mMSMNCHeS cas, cetera s nome cy ee 3 527 
SIEM non Seren GAO AS EG Meat ee hua thw ae 7 534 
Graviels 2MnGHES» jai ic tics ain ne tot eeeee keene Sane eae 8 542 
COW aie ain cpa ae Oe nO AAR es ete a Ra | 14 556 
Gravel Sanches cp t,o. aac away ee a ne ae ee > 4 560 
QUAY sis: Relays toe lre Mees: ee etre esas ech seal: a CA ee Ee 14 574 
Gravellmsuinches:, tye. oven «vier Rea ieee ne ae 6 580 
HEN Acid da 6 GROEN HOG ORES G5 os Eee ein es ORE eek ean, 8 588 
Gravelly 2anChe stig cists ae eee ee ee ee 4 592 
Aye Hira Pharaer oie (oie onepavars nertiainte as ie Eee 4 596 
SROBULYE SDIDVE/ SP ES Aor Ac CAO cic Shine Pome ae del oe 

(D-13-10)25bde 

“POPs SOUL gate! st adaie eo suchcye aa mene A a Sea eee as al pata 
DANG! Gamera aieieeaere aia aes 
DANG YRC] Ay: bret co yes ast neta p st areatiad ei stan a a Mea 
Chay and vera ell. Ney acuun ater aaee sean ane tee 
Dandy Clayton atcista a we teelsen nn ts Seas ER ated te 
Sand hands grav Gli: ia ncaa cd aan pay ene ee ee 
Clay andveray ell (sais aap teat aah ren ore ee nee 
Ginaviell Weencsts Mos sre aisle eit Gate ce aioe Sa Ee 
Clay andugravelisrs crosasarenyatin roan de ah ee 
GRAVEL Cray. aot (erate atnet trycy Marches ae ea 
Clayvandgraveln ioc nae oes seen eine eae 
Cemented sand and gravel 
Clay andi gray elit iSulatu semee eee ee ee 
Cemented teravelliinadesis Mult on eae ae ee 
ALIA SONG R vanh: aroteteta Oe ines Hae Hane e aie RANT ee aa 
Clay randterav.e liar take, waa telus epee ee 
Sand ‘andigravel)., a4 ace aaa 
CementedVoravely.j: taser Nene See eee ee 


Table 3. --Selected drillers' logs of wells in Avra and Altar Valleys, Pima County, Ariz. —-Continued 


(D- 13- 10)25bdc —— Continued 


Claysand) gravel core cscs ces aawee cess sees veces 
SERIE coudeddgge J oOnCO GO Od GON. ODOOOOO NO OU NOOO OGIO 
Clayjand gravel o.0). 00506 DONO a6 CIPO USM ODO Aare 610 
Conglomerate..........6. aitno.c0:01000 SiO OD OO.G0e oS 50 ng0ad 
ANO}R/ Ut, 10) 2) 340s OA aa daaooe AMO DOO REUUNGOOGOCI00 do c 
(D-13-11)16dca 

SENG VABOL sieies) sos eles ols oe ersi0 ois) 0:6 #10 eles CO.DEa apo on 
GONFIOMENAtC csc cce css eres sucvons eae] eerste nas Seheteals 
Boulders... cece s secs eee GOON DOW On Cosma GroDIoIO 6 On oa 
Gravelly Clay ven ccsecis ecco vveusweclsvcine AOC RNOOLOIC 
GONGIOMEFALE cscs sees rence rrcer ees eesaccsssees 


Hard conglomerate shell ......cceveneeecereeesevenes 
Gravelly Clay ..cncccsecccccscerecscecesreseenccsens 
Soft clayey gravel and water......eeeeesneeeeeeencees 
Gravelly Clay ..cccscccvccrcecnsscscccsenvreveecnene 
Muddy gravel and water..... 


SUMP oo 6g nod dD 0 CUO NUOUDDO OU UIDTD Goll OD COU UOcivOucOD 


eee eee eo ere ree eee oeereane 


TOTAL DEPTH wn cccsev cerns vccescscceseens 


(D-13-11)31cecc 


SHES? spoons 
Hard sand and boulders ..........65 
SS OLUMETIC Mae tate lel ole sife)'e! os aho)e1e) e:lelfalaiie)-sis le wisiisnelisle« sliee).« 
Sand and streaks of Clay ....cccsscceveccceceersecees 
Hard cemented sand ........... 450 SOPOO ALO DIOGO conn 
Hard cemented sand and streaks of soft sand.......... 


eee een eee eee ee oereeeree eee eeesreeeeronee 


ee oe eee eer oreeeree 


Ce 


TOTAL DEPTH ..... ni avallerelista haley cisualelore stalel svaehere! sielexethortye 


Surface SOl eur. eee ete ec wens O00 OKI TANG OOO HOOP 
GCalicherand) boulders 5... we cc es eee mes cwas se 
Claygand sharp enavel’ (in. csceseecs see cscs se ae 
SEICKACIIEM 6 oo o.cl0 Gud Ob OO 800 Goo ODO GT COU dd GID OOGmIOd 
(CRE 4.0 016, blo O00 6 OOO COCO DED O DIU COSMO OCD Omics 
Hard clay with layers of gravel and boulders .......... 
Sanicm (Gime Ca Wia GETS) mater sielcterspelelsheleveyctetal cys -evershel che eararerentietaiede 
Gravel and boulders with streaks of clay...........65- 
Hard packed clay and gravel with layer of cemented 
ANCE Fed GU eveewe bettie shells tele! aletsrioielieveliellala eveve)(eievalrelle eine (e/a ile) sia} 


Clayzandsboul Gers 1) e1</<ieije ele ils + GconddN Oooo boO NRO 
PEPLOL CS ANG vavreliniiai/a\isiis}ioiier ae) eiles ee elialln' ejlolie)ie/'e\ sae)'e, lellofiale)(s)alralie +! allel aha ve 


Sand; probably water sand 2... ..0ccsnsersewnsseenee . 
le@icol Gebel 5 oa mob og onndo Oa0 do Codon OOOO OOD MONO 
CORRS SAO! nas og om ocodomDOdUdboUDOOCdoe dadodad 
Ularasl GEC! oo cocoa obaonoGuodonUNOoUDOOUmO GON OOD OC 


SANG eich sheds) cai sie falter eenensnehsucle felolisi or onte ovtalle) 01/01 o\-ox's, ol styenveiis ehieye s/o "e/e 
Coarser grave lapvaneilersenctrer ent ererclerechaleliolets ‘oadoCudD OO 
BORGES ASS: Sud io oO G7-0I0- 35020 Oalb.0-0 Ole OONO OA POMDEDIC! MONT OLAO: ORCND 
Boulders Clay Streaks! terra slcretacs 2 alis) svete olsreliere eisiele tise) +e 
Clay sDOUl Gers inaranaienen eben steKe telat Moiekon Niels scelelle cole) eves ieis)ol(sie) ai6) «ra 
Boulders, shale 
Hard boulders 


Ce 


eee e meee emer n rere reer rere eee eseesesere 


(EMG F.6 O00 090-9.0.0'0 6 C000 000 Nd ON OO G00 OB OO UD OOOO ORO 
Har absanlevtepieronekenetrtimeherterske Vercveirels let's) ovale his) sive forse, 0) 
Sandestymot boul dersitac aire tsivercieletelels sisiecess esi seuelie sie oys.s 


40 
60 
200 
45 
155 
118 
79 
15 


(D- 15- 10)33cbc —-Continued 


Conglomerate 
Hard brown shale 
Boulders, 

Hard brown phate 


Sand boulders 

Sand. 5 - 

Boulders and conglomerate Side 
Sand boulders ....... 

Shale and sand. 

Sand boulders .. 


TOTAL DEPTH ...ceccesscreneeseseens 


(D-15-11)1ladd 


SOL are drerditernn ales islet dcioterabauetelatelehsfateta coreienelel eivtelate sid 


Sandy Clay gare cen ieciclsleeiolicieleielelelsleleislelslsielsjetelere) laces) als 
Clay with streaks of sand .,..csseseeeerevvenvreeenns 
StlOkyACL iy Wiese eine iellels/« sole) eve elie) vial ce) n/a 00) 8) 010) #le) ale 8 a) 1x0 
SQndViCla yar crainnystoyels)s sininicralvinisipie ls) iia)eh aetelslelelelenieseiers 
Stlokyrelayirn sari ehete eielein where) thats) el sleieie) efeleliatirinte) eles (e\/0)/6le 
Sandy Clayirs cn siela cls clerealviue vies wie saline seis ole ner6 
Soft sandy shale victawesessecnssctenerscesraceucss 
FEAL GCLAY 7.7. cin wreleloioleleisietale) er ehslle ele nel a sioialedeilsie ehviersatelete 
Sarid yaC Mya. elersielsisrsisiels's) isles) sileuls ereudisia 
(QE CNY FasL WOW Fog Goon odo OO CO UIC OOo CIO OICFOIOIarn 
BED CUCINA S ao.ann oc000 DaDOOnOD MOD oon Oo OdUDUGOU DOK 
Sand, gravel) and water connec cccee ss use sce nisin sei 
Sandy clay ........ GooOUMO GOL OMosDDOC 
Sand, coarse gravel, and water ....scssseneernevens 
Conglomeratemen tenis svar cvereeniaie sieteleinisisclsisiejereushelelsuel deiarene 
Clayey gravel and water... ..cseereerevssrerreveeene 
Sandy clay . SOP OTRAID ONCOL CHOC. CIO ON 
Rockucengiamecates) s0 ete $6-G016 

Muddy sand, gravel, and water......... 

Hard rocky conglomerate 

Muddy gravel and water .. 

Rocky conglomerate 


Ce 


TOTAL DEPTH 


508 oo gaon A 


Red and yellow caliche . TOO WOO FONG HOUN AO 00 00.0000 

Sand and fine gravel.. Sa Cho 0 aiattanelneielen eke pire OCHO 
Cplicherenai rave ne slouwon adelsicetoiajietellee Deiera 
Yellow caliche and gravel.......... ood oot bdo on Of 
Water gravel and caliche streaks..... AEONOOO MAIN DC ‘ 
Caliche and gravel..... shekehcleialeraerelanent(als OOD ON a-oOrOn 
Gravel and caliche, hard streaks .........seeeeveves 
Hard sand streaks and clay streaks .......sseeeeeees 
Sand and fine clay streaks .........6+ BOMOD.A doe ceeee 
Hard sand and clay streaks .......... odoc00 mee odneo 
Hard sand, Some soft streaks and gravel coirmoata 

Hardisandiand@caliche cos cscs ccccne ences sees ahuleiene 


Hard sand, Soft streaks and clay streaks ..... 
Sandstone and hard streaks .....sseesssreereeseeere 
Sandstone. Soft sandy streaks and gravel streaks .... 
Hardee andar keleliiarisiea)lelsiciers)slesiasieselerslere.aecrelsieye 
Hard sandstone ......cccecsservesrvrssescesssvenes 
Hard! istreaks iiciccircls clecies se ciecsie vite ens vesicles se 
Clay and sand streaks .... ccc cesce serv erresereres 
Sand and clay streaks, Sticky clay...... a lereneteleelleaieliels 
Hard sand........ TOODCCODCTOCOO DU OOO DUE ODUDUO0 SD 
Hard and soft sand streaks, Sticky Cl ayicrererersrererets Pieters 
Hard sand streaks and shale streaks, Sticky clay . 

Sand, Hard streaks and clay streaks .....:.ceeeeees 


Hard sand streaks and clay ........ AOC oo 
Hard sand, Clay streaks ..........s000. LOOR OOH aED 
Malpais. Hard.......... Va1d'6.09 0.6 SD CO aap DOOD UdD UD 
Cored. Recovered hard conglomerate ....... eevee 


DUOMMYE IDPA INS! Gooséond 


6| 


62 


Table 3, --Selected drillers' logs of wells in Avra and Altar Valleys, Pima County, Ariz. —-Continued 


Thick- 


Depth 
(feet) 
(D-16-9)28dac 
IED Rares Muiotr eg eth aed Sogn SRR en Sena IR ee SIE ole 175 175 
sa Fb GRRE RSIS Ge ad Ses Peek A Rn OP RO Ra 60 235 
Conglomenat 6 Shee pecy tants eee ee ere ee 15 250 
Sandyclay cong] Om ex at emia = ane eee en See 25 275 
Conglomerate, making water at 300.................. 40 315 
Conglomeratevandisandysclay aa jana ee ee 30 345 
Sad yy lay ger Seen dea wcice tej ei eek ace ne eon a 20 365 
Dandy sclayj and oravelmws hea ee we Pa nnene fee meee 25 390 
Cle aringara vie Wy id iba ee hence cg tea. Ae eae ke ee 15 405 
Cementedhenavie! wa yet ewe en ee ee ne ee 58 463 
Grays lsat see eee ac hie wdhiv Aah cess s/ choy ee len Ren een en 62 525 
Claygandy otiay ell pice lorie: 5c) oet a eaten is aoe et age ene 30 555 
Cemented) praviely a unc n ay Manet Wee een 1 eet Te 20 575 
Coarse waterr en aviel unit as Sen vat eae ee beet er ee 20 595 
Cementedeecavielay. tecy wey wy tn, pe) eae ere ne el See 105 700 
Coanse gravel Jot. e we wre eke: a eee ee nearty me 307 1, 007 
oD OACA TY. DIESE ASH Cusp ue eae ee ee Ce ee 1, 007 
(D-16-10)4ddd 
Hardecaligherrocky ana. sia tenia ie pee ee sae 151 Si 
Sand-and|hardsstreaks s.r 95a a. rnren tem ane ent nee 245 396 
Hardsand Sottestrecik saa sSand aa ae 140 536 
Hancd Said ge ins, te tae Werke oh Unee Sa ae ee a ea ee ea 150 686 
Hard and soft streaks of elay-and sand. 504+. cne eee oe 400 1, 086 
Hardtstneake ands sands amr ien nae eee 120 1, 206 
SOM Sandro: ote sana aea A Ae IAC ae ae Ge 270 1, 476 
Hair der Wee cuetrit cn cs clams or tok te A Ain ee ane tk A Tan Ah 10 1, 486 
SOLU SANG, C5. A iascehs ican ral cin ect ce ar ae 20 1, 506 
Hard rock andiclayt ceaac scythe a sai et wae eee ene 107 NESS} 
ROA A TDD DARE aye Nae ae ae ee ae 1,613 
(D-16-10)34bab | 
DOI aes cde serve ayers oe te a eR ed Re ee 6 6 
Clay Braviel. .).Gc mismwet cadre emt Gace annie A 18 24 
Wemented mock ace meta rin. tev ees teas, Care a yee ens en 31 55 
Sandy gravel Wclay .-.etwiws uae eee’ Aer wee Lt een 1s) 70 
Salid Wraveliaan ord mus ser AWen Mee bst MUR aaa eel a nr Sn 10 80 
pandy Clay; grav eldvimean arya etn a ah nee Ra ee ee 80 160 
Sand Sis. sideree tee ay tepaeene eran Ak Roger 1) oe ie Ne 10 170 
Sandy clay soravells. rename actrees Wer a Cee ne 180 350 
Clay rave ieirys. (aay sak mirc y atin ak Nae ES 135 485 
sandy enavie lm ttl ercil ay amen rate cary eee 90 575 
Clay feravelherocksm waterets ws) een sy a eee 55 630 
Muddy, Greaves es oer Were eet Hh, en Deere 45 675 
Roeky "6 wave Iie ita tara saya e ll, yet 20 695 
Mudd ys andy. tints a vive ictal kath none wD 30 GRD) 
Cementedieonplomenratcl. ne teeter een re ee 10 735 
Muddygsand metavelln (ie aan a iyane nies oh atk ck oa 110 845 
SolGERock eraniteye {thay ne Vaasa ae Ake ere aye RNa 30 875 
LO EATER E,DeEL Eres ita sty rant te Ae ee al 875 


Depth 
ness (feet) 
(feet) 

(D-17-9)1ceb 
DOU eases n eteval Create acer tars Gin ie ae a ele a ee 20 
int yoga well Marra wens eice cite n,s cic hy ered er: ad 75 
Chay ree MOE m LV hy ics Poe mel cick Medal ME 185 
Muddyeeandiand wate reamiae ia tn ere ee ee ae 195 
Clean gravel and water ...... a ceWeras ver sonatas pees Malan ee 245 
Right suickyiconelomencate meni ey rie eae en nee 500 
TOMA SND Hr es EGS ets ietcte tok) fetish ee ree an er are 500 

(D-17-9)35aac 
Noose sandy Vs olla yen ace Sere ene See oe a ae 3 
Hardiclayaand: gravelly wings ater ti en iee eel a: 35 
Browntc lay.0ik tien tan ter ap ae aren teeth Ae 44k ee ere 42 
Gravel wsOInere ayy er yew rant ane Cen enema rn 58 
Vellowsclaysandigrav.c lamer i aera enn a eae 75 
Mellowlclaygand boul dex:cmeun nar ee eee 95 
Mellow sandyclayuauan ge cw te dies amen nae 120 
Gravel sulitt lence yar starmnca rer, 7M pyaar ene ny he ean 134 
Clay somesboulders ies tara a ee 156 
Gravel, little CLAY Utne aati dat ie) fae are ee ede 165 
Clayrandsgravel eras atta sey ek vette thas ca hue 185 
Pooseldny sanders aie yerreey | ate de Oe pode ae 205 
Gravielband clays rn sur s nie ee da ade Oy ee ae 230 
Clay, some boulders emer ets nt nay ee ene 268 
Loosetsandyiclaya(wateristrata) mayen ante eee 271 
Siickyse lay, waste hitawiat ci: een renee ween eat een 280 
Cemented gravel, some water...................... 290 
SLICK YAC1a vines Biter teutatee SACs eek ny Aor Sea ee A aD 310 
Hard leather: clays car oiane eee oh em eee 315 
Hard) loose tsandyaclayaycyanr eae eee ee 322 
Hand leathertclaytam ncn. shee Warrier 416 
TON AE 1D Ee PT Hi areca arte cand A 8 tei ann cn dee 416 

(D-17-10)10cce 
ATI Cs eas Seen: loadin tec ce ie ce eS OR 2 Red an 200 
Gilay@ ongilom erat emietant enn eae tae een 135 
Conglomerate, looser formation.................... 905 
ROTA Dee cue seen ir eee ae ee 905 

(D-18-9)30ada 
SOLER ealete rotgee ster tahoe ate sane Saar ee 3 3 
Gravel eclay,eand boulders asi) se ie enim 272 279 
Cementediaandime cave liar) feat nn een 122 SO, 
Graveltais and anlittletsi] (aetna aan en eee 18 415 
si ghty Dive? cla vary. tos yews tonsa eas eC eee Cn ean alone 10 425 
TOT A ToD BIE GED sels sea; stepern aera Mente ar aan eee dy) Oe eee 425 


Table 4.--Chemical analyses of ground water, Avra Valley, Pima County, Ariz. 


[Analytical results in parts per million except as indicated] 


Well number 


(D-11-10)9ddd 


2c CC ear: 
isaaavens. 
24aaa .... 
(D-11-11)16cdd.... 
T8dddierer 
BUCOCC wert 
20ddd sed 
34add.... 
(D-12-10)29abb .... 


33ddd.... 


(D-14-10)25caa .... 
(D-14-11)9dbd ...., 

SSCCO fess 
(D-14-12)17bb ..... 


(D-15-10)28cdd .... 


Specific 
conduct - 


ance 

(micro- 

mhos at 
2556) 


Dissolved Hardness 
Meanie solids as CaCO3 Sodium- 
ea Depth | pera- | Silica | Calcium ale Sodium eee SOR Sulfate Se Sat INGE ae 
collection Uiget) ey ene) Me (Mg) ea (K) (HCO3) Pew (C1) (F) ety nine ie toe ratio 
million sium ate (SAR) 
9/ 1/48 |} 590 78 43 6.6 62 198 134 OE Weteererace Ili oesie.ce:c 
9/ 1/48 501 fas l ecw ene nce Pick etborearNee|| be.ckeace ae el Pe cee lll ere A Oi ORM Renorenieendl Meme!) alls co women erie AE ARM orm Neca a omlliame ode |)pnes' || wogese 
9/ 1/48 520 TAR? | ote eeats cel oes arch seed lgeaiencee my | ere oneness LTT y|we 2 Os peedeshaeen | a LOM alli: cecesatyereleseorcusaSiem| oolarskceo® | rows cee Tull oct Rcotien a eras | leeoesteteragl | ese | eee 
9/ 1/48 500 UiSiieg herebarseeacied lates ncaa oa esc ucan| (eae lok eecral Wey craar 183 OM | eae cr Pe eal etary al Meera seh |e im chs ns iseeee fac BAN Cr ral tecoccoraan || eB warns 
9/ 2/48 538 GT [eaceemucee| ercetcarte ns) \Wie erskoseeuljenedneane | ee eus tare 149 O'S smatemens LG) | dene scence il) Cebeew cma yl | se rare al | storemcesey Salt eetaeeueeen see ou lleegetor caste | ee eetien cual | emer om 
9/ 2/48 596 LQaND | set ules (lent romese Rete [creuteretecieal es ceeeaarea liecmermareee 161 (Oral l Pees caches DA il szscarstoll) see sesetarey||| eee ne cer fees cob vos theese ety oor | reece eee | Aveeau teeta al leer enone 
9/ 2/48 442 el Rare ot al eyiccewectan llieatcgetiee sni|Re cushecsray | atecte 177 (Oy ener DA AA ei wll Operas ceeer|| pean terol Mequrere cer hmeacee leer eteyetea om Caer ome | ere aber 
9/ 2/48 840 UDG | ecrge tatters 2b. Pe [laa cuememeareal lpn couceeee|| wens ettas 167 On reer at ZO Se asa tll cawcetanueat It Se eatroig Ml Newmeater steal lee aiera: ofeved| lomteenetcten || eeenvcn ae | dare temnrere 
9/ 3/48 510 UE gape tae 50 11 32 152 0 67 22 ov 16 ie 37 170 AGE || Qrvgarsesty Nl sare Son, 
8/ 4/42 290 NAGE | [ara tere ee 36 tao 33 181 ) 18 14 8 3.0 198 27 LNG || sratewaves.h Meares te yeoal| Magee 
9/10/52 600 Silen |e S Oy Norstar Reet [ltr chanelle ny e-aven | eee 179 OW recotacerre: 1 (eenece rad eet are ere Leer in (ore eel elton Gorter |) east oat 
SYA 3a ame eee None Ri eres |e emo ll oweeiato ea ake re ictal seers 180 OO lWRearemne ie ee Were eel Hee rote ee nal ote San adl a pita cscmetae Ilo Wyo Soke 
8/26/54 82 34 4.7 36 179 0 15 11 .6 4.0 230 Bil 104 0) 43 15 
7/18/55 SUM Nee cert tor ter cas llaerues tes imaeie sen | dette enans 180 (OY (aerate WD bl eestecaree tlle occstralte ss |t Sas rc reier| eccurere evel lea ckceteaes ell Pe gaye acre ele Ree as 
6/19/56 BHD [eres pel: secscaeteccioul cweotaney tel | ays ake « Soul agentes 173 OF eo chee DOA saat Slate erasotienes Il ether ae soll Mere: 100 OM lara hl eerie 
5/ 9/57 CIS) ee eecurceee | feereccarcrnictsel [lee a leet Reveensers call caresses 177 Oul|eennn oe peal the hee ear gel | Meee antl im redeirat inl nested arts dic 105 Obl) Suncor ee 
4/16/40 | 400 SON bes ase 118 8.3 113 jefe ne ond & 317 90 Obie eek (AUS ete. ae B20 ole er ayetae | cacacicy aml | Mame pen eee 
4/16/54 BV WW Asces 37 eo 36 181 0 GP 9 8 BaD 223 30 98 0) 45 1.6 
7/18/55 a2 87 28 1 al 34 166 0 18 11 6 28 222 30 99 0 43 5 
3/15/40 PLS peal Merce eeere. | Pics sere. 45 29 RiGee am | eqeemege SG. || Gees 67 45 AUT [Og ence AZOR Mate ease + 2731 eerie 
7/18/55 640 84 6 Om 65 161 0 23 19 1.8 353 228 31 28 0 
3/14/40 BO tN co eaie ead Pinrucusee it 26 Geol (MEAS nn earetees 160 0 29 15 CO eens LOS coders Bn gee 
E eee 


eS) 
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Table 5, --Partial chemical analyses of ground water, Avra and Altar Valleys, Pima County, Ariz. 


[Analytical results in parts per million except as indicated; analysis by University of Arizona] 


Well number 


Date of 


collection 


4/51 
9/51 
9/51 
9/51 
1255 
6/49 
9/51 
12/61 
9/51 
9/51 
6/51 
12/49 
9/51 
8/65 
7/44 
9/51 
7/44 
5/64 
9/51 
9/51 
9/51 
6/5) 
12/61 
8/65 
9/51 
9/51 
12/56 
5/64 
9/61 
6/51 
11/53 
6/51 


1/62 


Depth | Calcium 
(feet) (Ca) 


650 60 
443 68 
501 60 
520 60 
395 74 
600 105 
379 68 
370 59 
500 68 
348 60 
600 83 
400 53 
310 45 
700 32 
538 50 
500 53 
596 53 
442 58 
500 75 
500 68 
553 98 
400 118 
385 52 
440 66 
510 68 
492 68 
502 46 
500 56 
710 24 
520 30 
402 38 
400 30 
502 88 


11 


19 


16 


39 


95 


153 


181 


176 


146 


109 


83 


200 


205 


Trace 


148 


Fluo- 
ride Hardness 


(F) as CaCO3 


0.3 195 
SCout 4 202 
abd dic 166 
tage vouene 185 
en a6 262 

tl 257 
s0000C 214 
4 193 
tod bo 202 
aged 166 
B00 80.0 240 
me 149 
oD Oe 128 
.4 192 
HO 8.016 134 
.4 149 
Yio d-6 On SiG 
SHonecers 183 
Booed 'o 6 231 


po ado< 202 


.3 175 
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Table 5. --Partial chemical analyses of ground water, Avra and Altar Valleys, Pima County, Ariz. —Continued 


ee eaGen ber Date a Depth | Calcium Sulfate eine 
collection | (feet) (Ca) (SO4) (C1) 

(D-12-10)30bbc2..... 1/62 302 86 13 102 176 0 82 143 
m2ded .4 ck. 6/51 580 38 0 34 183 0 | Trace 12 

B00 os. 5 6/63 1, 900 30 3 37 161 2 10 a 

gaddd 3 os 4 6/57 600 45 0 23 176 0 | Trace 14 
(et2-divicdd ....4.. 8/65 606 ay 9 72 215 0) 50 36 
MPAGA oo sa « 4/51 555 113 8 61 224 0 191 44 

Pedee ;. .«+. 12/56 385 61 19 53 183 0 20 124 

PSed6O ........: 9/51 474 45 4 ao 190 0 | Trace 30 

PVE es acto ef 12/55 677 29 6 62 190 0 15 42 
(D=13-10)4ddd ....... 6/51 600 30 0 39 178 0 | Trace 10 
ces ae 5/64 587 33 8 42 173 0 34 18 

Baers cine a 12/55 600 81 a 44 183 0 15 24 

GOO act ws 6/51 700 45 0 23 181 0 | Trace 10 

Poca 4 eu « 12/55 814 29 i 46 183 ) 15 26 

H6ddd sss. 12/50 600 29 8 41 183 0 cS 22 

BEC. os > Wye alent es cas 74 22 113 146 0 140 84 

I ie 12/55 685 33 6 41 185 0 1 22 
([Oete-4i)itace ...... 12/59 520 61 29 80 204 0 180 64 
EAN caret os ep eg tenes 23 8 41 183 0 | Trace 20 

Bacdd wo n.4 5 3/64 560 32 ft 43 181 0 22 20 
(D-14-10)23dca ...... 1/56 400 47 24 85 207 | Trace 138 70 
Her eae SPO 400 11 9 150 137 0 410 107 
(D-14-11)2ccc ....... 4/61 582 27 fe 22 146 2 9 18 
Nea Clea res, cteexeie 1/56 700 41 9 | 67 yal 0 45 60 

U3CCC we. es on 1/65 604 23 urace 53 166 Trace Trace 30 

DORA ae ax ccs 12/57 411 e2 6 46 165 0 “44 19 

BOA ta. <c 5/53 542 45 15 7 142 Q | Trace 40 

$3ded 4.4 1/56 670 DO 6 41 183 0 | Trace 22 

BAGDC) wa.8 bos 1/56 535 23 7 39 171 0 | Trace 20 
(el4a=12)84ce 1. sa 1/56 S22 30 24 122 451 | Trace 175 110 
(D-15-10)28cdd ...... 7/64 640 5 2 64 2 7 17 16 
SSDEC pe pp 7/64 710 3 1 66 98 24 14 16 


eee ewe 


ore eee 


eee eee 


co ee eee 


eee eee 


eee eee 


coco eee 


eee esee 


ec ee ee 


eee eee 


eee eee 


as CaCO3 


130 


128 


106 


108 


277 


137 


103 


342 


14 
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Table 5. --Partial chemical analyses of ground water, Avra and Altar Valleys, Pima County, Ariz. —Continued 


Wellnmaber | lestesrion| Gest | (a Donate ot Te | 
(HCO3) : (F) 
(D-15-10)33dbe ...... 7/64 616 20 2 44 weg 2 19 20 as 60 
(DeE5e tt) Scedhy sane 5/65 ae: 30 4 42 166 0 22 16 a6 94 
P2dearian as 1/56 550 23 8 41 178 On Virace OAS WS Koya om 
(D'=16-9) 15dbb.. 3.8 6/45 300 ili 2 69 181 0 10 30 .4 51 
PASTS ENG Soh cri yee te 1, 007 18 2 49 154 0 0 26 “ve at 
29 Caan ook Sf Sil ie ee ee 15 8 63 185 0| Trace moat bahams 2 AS 70 
(D-16-10)4bad ....... 3/47 400 30 5 38 184 0) 115! es aaa tet 96 
LORCA ety, 6/51 Zo 53 4 35 190 0 10 SOA Sateen 149 
tS eved Wey sible 6/51 180 60 4 14 183 0 25 TAs oe eee 166 
SOCCDE. wees SOT 830 BZ 14 32 224 0) 20 36 Ho 190 
(De=14- 9) 235da ue a GST el oes 53 8 11 | 195 0 10 LO Ce ae 166 
SOARC inn ls 4/43 416 58 0 14 190 0} Trace DA Beco ae 146 
(D-17-10)10cce ...... 1/56 905 53 15 a7 244 0 1 40m) lv eee meee 195 
(Dios 9) (ibaa ate. EAS aILT A estat e 43 ual 18 156 0 50 8 Ne 152 
S0ada gars: 6/51 425 38 4 28 176 0 15 TOP CS asec 111 
(D=1er 3) scad). meas Gy Ole ae 75 4 9 224 0 25 100 eee 204 
(Di-19=0) Bach cn ee 6/51 376 53 8 2a 168 O./ Trace I ehh 166 
ada ane 6/51 sya 38 4 28 176 0] Trace LOL sere tae fete 
(D-21-8)27ada...... 6/5 400 30 8 37 198 | Oj Trace [Ge] Sateen Ee 110 


ny 
‘? af 4 oy a a ; 
vas Sadr Basch veal! of, 
: - 


: Le Se rT mn 
be, SUL msnahigny yb eaorar >! 
va aol) ae” Te oo 
Ce A re Seay 


mye Orne ep, Ns 


ry ‘ | 


20. 


on. 


22. 


ARIZONA STATE LAND DEPARTMENT WATER-RESOURCES REPORTS 
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Hydrologic and drill-hole data, San Xavier 
Indian Reservation and vicinity, Pima County, 
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Basic hydrologic data for San Simon basin, 
Cochise and Graham Counties, Arizona, and 
Hidalgo County, New Mexico, by N. D, White 
and C. R. Smith: 42 p., 4 figs., 1965. 


Bibliography of U.S. Geological Survey water- 
resources reports, Arizona, 1891 to 1965, 
compiled by the Arizona District, Water Re- 
sources Division, U.S. Geological Survey: 59 
Deng TO, 


No. 


23. 


24, 


25. 


Geohydrology of the Dateland-Hyder area, 
Maricopa and Yuma Counties, Arizona, by W. 
CmWeSt. Jibs tOsy so ties, 1965), 


Annual report on ground water in Arizona, 


spring 1964 to spring 1965, by N. D. White 
and others: ei oS ee OOD, 


An appraisal of the ground-water resources of 
Avra and Altar Valleys, Pima County, Arizona, 
by N. D. White, W. G. Matlock, and H. C. 
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